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ABSTRACT 

Pregnant  mares’  serum  (PMS)  when  inouhated  in  vitro  with  hytlrotiuinones 
and  quinones  loses  its  gonadotrophic  activity.  The  influence  of  the  incubation 
conditions  on  this  process  has  been  e.\amined.  Hydroquinones  did  not  inactivatt* 

PMS  unless  they  were  first  allowed  to  oxidize  to  the  corresponding  tjuinones. 
p-Benzoquinone  was  found  to  be  more  active  than  mono-substituted  quinones 
and  the  tli-  and  tetra-substituted  quinones  had  little  or  no  activity.  The  amor¬ 
phous  polymer  “humic  acid”  formed  by  “ageing”  p-benzoquinone  solutions 
partially  inactivated  PMS  but  it  was  much  less  active  than  the  parent  com¬ 
pound. 

IT  WAS  claimed  by  Sanyal  (1)  that  2 :6-dimethylhydro(juinone  in  the 
diet  caused  sterility  in  female  rats,  and  he  suggested  that  this  effect  was 
the  result  of  interference  with  the  peripheral  action  of  progesterone.  Noble 
and  Graham  (2)  showed  that  pregnant  mares’  serum  gonadotrophin 
(PMS)  lost  its  biological  activity  when  incubated  with  certain  hydro¬ 
quinones  and  quinones.  They  suggested  that  these  compounds  might  be 
able  to  inactivate  circulating  gonadotrophins  in  the  intact  animal,  thereby 
inhibiting  the  reproductive  function. 

Although  the  assay  method  used  by  Noble  and  Graham  (2)  revealed  the 
antigonadotrophic  action  of  hydroquinones  and  quinones  in  vitro,  it  was 
not  sufficiently  sensitive  for  the  detection  of  small  differences  in  activity 
between  closely  related  compounds.  The  present  work  was  undertaken 
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to  determine  more  precisely  the  conditions  under  which  these  compounds 
inactiv’^ate  PMS  in  vitro  in  order  to  obtain  information  on  the  structural 
features  needed  for  antigonadotrophic  activitj’,  and  on  the  mechanism  of 
inactivation. 

Hydroquinones  are  known  to  be  oxidized  to  quinones  by  oxygen  in 
slightly  alkaline  media  (3,  4).  In  addition  many  quinones  are  themselves 
unstable  in  aqueous  media,  particularly  if  the  latter  are  slightly  alkaline, 
forming  brown  amorphous  polymers  termed  “humic  acids”  (o,  6,  7).  It 
was  important,  therefore,  to  establish  whether  the  antigonadotrophic  ac¬ 
tivity  observed  by  Noble  and  Graham  (2)  was  due  to  hydroquinones, 
quinones,  “humic  acids”  or  combinations  of  these  substances. 

METHODS 

Immature  female  rats  (3-5  weeks  old)  of  the  Sprague-Dawley  strain  were  us«l.  They 
were  maintained  on  Master’s  Fox  Breeder  Starter  and  tap  water  ad  libitum.  The  PMS^ 
assayed  at  45  I.U.  per  mg.  The  various  hj’droquinones  and  quinones  were  either  re- 
erystallized  or  sublimed  at  low  temperature  in  vacuo  immediately  before  use.  The  assay 
method  was  adapted  from  that  described  by  Noble,  Plunkett  and  Graham  (8)  for 
measuring  the  antigonadotrophic  activity  of  Lithospermum  extracts  in  vitro.  For  the 
pre.sent  work  the  pH  of  the  various  media  was  carefully  controlled.  PMS  was  dissolved 
in  phosphate  buffer  (0.067M)  of  the  required  pH  to  give  a  solution  containing  .500  I.l'. 
per  ml.  One  ml.  of  this  solution  was  diluted  to  2.5  ml.  with  a  similarly  buffered  solution 
of  the  compound  under  test.  The  mixture  was  incubated  at  37°  C  for  varying  periods 
in  air,  oxygen  or  nitrogen  as  indicated  below.  When  working  in  nitrogen,  precautions 
were  taken  to  displace  dissolved  oxj'gen  from  all  solutions  with  a  stream  of  jjurified 
nitrogen.  .\s  far  as  possible  the  solutions  were  shielded  from  light  to  minimize  photoxi- 
dation  of  the  compounds.  After  incubation,  aliquots  of  the  solutions  were  administered 
to  groups  of  rats  by  subcutaneous  injection  in  the  lateral  area.  Each  animal  received  a 
single  dose  of  0.5  ml.  of  test  solution  containing  either  100  I.U.  of  PMS  (control),  or 
100  I.U.  of  PMS  plus  the  substance  under  test.  Three  days  later  the  animals  were  killed 
with  chloroform  anesthesia  and  the  ovaries  and  uteri  were  carefully  dissected  out  and 
weighed.  Where  a  sufficient  number  of  animals  were  used  the  organ  weight  data  were 
analyzed  by  Fischer’s  “t”  test  (9). 


RESULTS 

Experiments  with  Hydroquinones  and  Related  Compounds 

Separate  solutions  of  PMS  and  hydroquinones  were  prepared  in  phos¬ 
phate  buffer  (0.067M)  at  pH  6.5,  7.5  and  8.0,  and  in  borate  buffer  (0.067M) 
at  pH  8.5.  Parallel  preparations  were  made  under  nitrogen,  air  and  oxygen 
at  each  hydrogen  ion  concentration.  Portions  of  these  solutions  were  then 
mixed  to  give  final  concentrations  of  200  I.U.  of  PMS  and  0.2  mg.  of  hy- 
droquinone  per  ml.  After  incubation  at  37°  C  for  2  hours  in  the  appropriate 
atmo.sphere,  0.5  ml.  of  each  solution  was  injected  into  .the  test  animals. 
The  effect  of  incubating  PMS  with  hydroquinone  on  the  ovarian  weights  of 
the  rats  is  shown  in  Figure  1. 
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INACTIVATION  OF  P.M.S.  BY  HYDROQUINONE 


EFFECT  OF  pH  AND  ATMOSPHERE 


pH -6.5  pH -7.5  pH -8.0  p  H  -  8.5 

Fig.  1.  Inactivation  of  PMS  by  Ilydroquinone.  4  rats  per  group.  HQ — hydroquinone. 
The  number  above  eaeli  bar  is  the  standard  error  of  the  mean.  The  experimental  condi¬ 
tions  are  described  in  the  text. 


The  results  show  that  in  the  absence  of  oxygen  (or  air)  hydroquinone  did 
not  inhibit  PMS,  except  at  pH  8.5  where  there  was  partial  inhibition.  How- 
ev  er,  in  the  pre.sence  of  oxygen  the  gonadotrophin  was  inactivated  on  incu¬ 
bation  with  solutions  of  hydroquinone  if  the  pH  of  the  medium  was  above 
7.5,  but  not  otherwise. 

It  may  be  noted  in  Figure  1  and  in  some  of  the  following  tables  that 
there  is  a  rather  wide  variation  from  group  to  group  in  the  average  ovarian 
weight  of  animals  receiving  PMS  alone  (i.e.  of  the  control  group).  This  is 
due  mainly  to  (a)  the  partial  loss  of  gonadotrophic  activity  which  results 
when  PMS  alone  is  incubated  in  media  of  increa.sing  alkalinity  and  (b)  the 
influence  of  the  age  of  the  rats  on  the  degree  of  response  to  PMS.  Even 
though  immature,  the  older  rats  responded  to  a  greater  degree  than  the 
younger  ones.  These  experiments  were  performed  at  different  times  with 
rats  of  varying  age  (3-5  weeks),  but  in  any  one  experiment  with  a  PMS 
control  the  rats  were  approximately  of  the  same  age  and  the  results  can  be 
compared  with  those  of  the  corresponding  control. 

Phenylhydroquinone,  methylhydroquinone,  gallic  acid,  pyrogallol, 
gentisic  acid,  homogenti.sic  acid,  3:4-dihydroxyphenylalanine  (dopa),  and 
rehibin  (“trigentlsic  acid”  (10))  were  also  incubated  with  PMS  at  pH  8.0 
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T.\ble  1. 

.\CTIOX  «»F  SI  BSTITVTED  POLYPHENOLS  OX 

THE  GOXADO- 

TOPHIC  ACTIVITY 

OF  PMS 

Comi)ound 

Dose  per  rat 

Atmosphere 

during 

ineid)ation 

No.  of 
rats 

Ovarian  wt. 
(mg.) 

PMS  control 

100  i.u 

air 

4 

1 15  ±  7.6 

+  HQ 

0 . 1  mg. 

air 

4 

18 ±  1.3** 

+  PHQ 

0 . 1  mg. 

Ns 

4 

125  ±10.2 

+  PHQ 

0.1  mg. 

ih 

4 

26+  4.0** 

+  PHQ 

0.1  mg. 

air 

4 

28 ±  2.6** 

+  PHQ 

0 .05  mg. 

air 

4 

44 ±  1.0** 

+  PHQ 

0.025  mg. 

air 

4 

03  ±  2.5 

+  .MHQ 

0 . 5  mg. 

N2 

4 

118±  8.9 

+  MHQ 

0 . 5  mg. 

C)2 

4 

20+  0.8** 

+  .MHQ 

0 . 5  mg. 

air 

4 

42+  3.4** 

+  MHQ 

0 . 1  mg. 

air 

4 

67  ±  8.2** 

PMS  control 

100  i.n. 

air 

3 

142+25.2 

+  gallic  acid 

0 . 1  mg. 

air 

3 

50  ±'  5.6* 

+  pyrogallol 

0 . 1  mg. 

air 

3 

73  +  15.2 

+  gcntisic  acid 

0.1  mg. 

air 

3 

123 ±  9.8 

+  homogentisic 

acid  0 . 1  mg. 

air 

4 

82+  6.2 

+  dopa 

0.1  mg. 

air 

4 

145±13.5 

rehihin# 

0.1  mg. 

air 

2 

132  ±25.0 

All  iiicuhations  with  PMS  were  made  at  pH  8.0  for  2  hours  at  37°  C. 
IK^  -  hydroquinone. 

PHQ —  i)heiiylhydroq»iiiioue. 

M  HQ  inethylhydrocjuinone. 

Ovarian  weight.^  are  the  mean  ±S.h).M. 
ii  rehihin  --“trigentisic  acid”  of  Hahn  (10). 

**  P<0.01  when  compared  with  PMS  control. 

*  P<0.05  when  compared  with  PMS  control. 


for  2  hours  at  87°  C.  The  atmosphere  u.sed  during  the  incubation,  the  dose 
level  and  the  ovarian  weights  of  the  test  animals  are  shown  in  Table  1. 

Phenylhydrotiuinone  and  methylhydroquinone  also  failed  to  inactivate 
PMS  at  pH  8.0  in  the  absence  of  oxygen.  Of  the  other  related  compounds 
only  gallic  acid  showed  .significant  activity  when  incubated  with  PMS  in 
the  presence  of  air.  These  findings  suggested  that  the  hydroquinones  them- 
.selves  were  not  inhibitors  of  the  gonadotrophic  activity  of  PMS,  but 
formed  inhibitors  on  oxidation  in  .slightly  alkaline  media. 

As  shown  in  Figure  1,  PMS  was  not  significantly  inactivated  when  incu¬ 
bated  at  pH  7.0  with  hydroquinone.  In  order  to  distinguish  between  the 
effect  of  the  pH  of  the  medium  on  the  formation  of  the  presumed  inhibitors 
and  on  their  subsequent  reaction  with  PMS,  hydroquinone  was  pretreated 
with  dilute  alkali  prior  to  its  incubation  at  pH  7.5  with  the  gonadotrophin. 
An  aqueous  solution  of  hydroquinone  was  adjusted  to  pH  12  with  dilute 
sodium  hydroxide,  and  a  portion  was  allowed  to  stand  in  air  for  20  min¬ 
utes  at  20°  C  with  occasional  stirring.  Another  portion  \yas  .saturated  with 
oxygen  by  brisk  passage  of  the  gas  through  it  for  5  minutes,  stoppered  and 
allowed  to  stand  at  20°  C  for  a  further  40  minutes.  Both  .solutions,  which 
became  dark  brown  during  this  treatment,  were  then  adjusted  to  pH  7.5 
by  the  cautious  addition  of  dilute  pho.sphoric  acid.  Suitable  portions  were 
incubated  with  PMS  at  pH  7.5  and  37°  C  for  2  hours  in  air.  The  dose 
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Table  2.  Effect  of  pretreatmext  of  hydroquixoxe  prior  to  ixccbation  with  pms 


Compound 

Pretreatment  at  20°  C 

Dose  per  rat# 

Ovarian  wt.  (mg.) 

PMS  control 

nil 

100  i.u. 

150+31 .2 

+  HQ 

nil 

0 . 1  mg. 

103  +  10.0 

+Hg 

XaOll-pll  12.0  Air  tor  20  min.s. 

0.1  mg. 

52 ±  5.8* 

+  hq 

XaOH-pH  12.0  (>2  for  45  mins. 

0 . 1  mg. 

40+  0.0* 

All  iiipuhatioiis  with  I’MS  were  made  at  pH  7.5  for  2  hours  in  air  at  37°  C.  (see  text). 

#  4  rats  j)er  group. 

H(i  -hydroijuinone. 

Ovarian  weights  are  the  mean  +S.E.M. 

*  I’<0.02  when  compared  PMS  control. 

given  to  the  rats  and  their  ovarian  weights  at  autopsy  are  shown  in  Table 
2.  Control  groups  that  received  PMS  incubated  at  pH  7.5,  both  alone 
and  with  freshly  prepared  hydroquinone  are  also  included  in  this  table. 

Although  solutions  of  hydroquinone  were  non-inhibitory  to  PMS  when 
tested  directh'  at  pH  7.5,  they  became  .so  at  that  pH  if  given  a  short  pre¬ 
treatment  with  dilute  alkali  in  the  presence  of  air.  In  aqueous  alkaline  solu¬ 
tion,  hydroquinones  as  a  class  are  readily  oxidized  by  molecular  oxygen  to 
the  corresponding  (luinones.  .James,  Snell  and  Weissberger  (4)  found  that 
the  reaction  rate  was  closely  dependent  on  the  scpiare  of  the  hydroxyl  ion 
concentration  in  the  pH  range  7.2  to  8.2.  It  therefore  .seems  likely  that  in 
this  pH  range  hydroquinone  inactivated  PMS  in  the  presence  of  oxygen, 
because  it  first  formed  p-benzoquinone.  The  latter  may  have  been  the 
actual  inhibitor  or  a  precursor  thereof.  The  next  section  deals  with  the 
reaction  of  p-benzotpiinone  with  PMS. 

Experiments  With  p-Benzoquinone 
EJfeet  of  pH  and  atmosphere  on  inactivation  of  PMS 

p-Benzocpiinone  was  incubated  for  2  hours  at  87°  C  with  PMS  in  buf¬ 
fered  solutions  at  pH  ().5,  7.0,  7.5  and  8.0.  Parallel  experiments  were  made 
in  most  cases  in  an  atmosphere  of  nitrogen  or  air.  lOach  rat  in  the  test  re¬ 
ceived  0.5  ml.  of  the  incubated  .solution  containing  initially  100  i.u.  of 
PMS  and  0.1  mg.  of  quinone.  The  ovarian  and  uterine  weights  of  the  rats 
at  autopsy  are  shown  in  Figure  2. 

From  Figure  2  it  may  be  seen  that  the  ovaries  of  rats  receiving  PMS 
which  had  been  incubated  with  p-benzoquinone  at  pH  7.0,  7.5  and  8.0 
were  small,  irrespective  of  whether  the  incubation  was  in  the  absence  or 
pre.sence  of  oxygen.  Partial  inhibition  of  the  gonadotrophic  activity  of 
PMS  was  found  even  at  pH  6.5.  At  pH  8.0  the  uteri  were  also  significantly 
smaller  than  tho.se  of  the  PMS  controls,  indicating  almost  complete  inhibi¬ 
tion  of  the  PMS.  At  pH  6.5  the  uteri  were  larger  than  tho.se  of  the  PMS 
controls,  the  increa.sed  weight  being  due  solely  to  fluid  in  the  lumen. 
Histologically  these  uteri  showed  an  enlarged  fluid-filled  lumen  and 
thickened,  regular  endometrium,  typical  of  a  uterus  stimulated  by  estrogen 
alone.  The  corresponding  ovaries  contained  only  a  few  large  follicles;  there 
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INACTIVATION  OF  RM.S.  BY  p- BENZOQUINONE 

EFFECT  OF  pH  AND  ATMOSPHERE 


OVARIAN  WEIGHT 


^  P<0.02'>  WHEN 

i^P<O.OlJ 


COMPARED  TO 
CONTROLS 


m 

AIR  AIR 

RMS.  +  BQ  RM.S. 


AIR 

RM.S. 

pH-6.5  pH -7.0 


N2  '  AIR  AIR  N2  AIR  AIR 

RM.S  +  BQ  RM.S.  RM.S.  +  BQ  RM.S 


pH  -  7.5 


RM.S  +  BQ 

pH-  8.0 


Fig.  2.  Inactivation  of  PMS  by  p-Bemoquinone.  4  rats  per  group.  BQ — p-benzoqui- 
none.  The  number  above  each  bar  is  the  standard  error  of  the  mean.  The  experimental 
conditions  are  described  in  the  text. 


was  some  thecal  luteinization,  but  no  corpora  lutea  were  seen.  Stimulation 
of  the  interstitial  cells  was  a  prominent  feature  in  the.se  ovaries.  Similar 
histological  features  were  seen  in  ovaries  and  uteri  from  rats  treated  with 
PMS  and  “humic  acid”  (Table  5).  Thus,  slight  inhibition  of  PMS  pro¬ 
duced  large  fluid-filled  uteri,  further  inhibition  produced  uteri  of  the  same 
weight  (but  containing  fluid)  as  the  PMS  controls,  and  with  complete  inhi¬ 
bition  the  uteri  were  small  and  immature.  These  observations  show  that 
p-benzoquinone  may  either  directly  inactivate  PMS  or  give  ri.se — even  in 
the  absence  of  oxygen  at  pH  7.0 — to  products  which  do. 

Relationship  of  quinone  concentration  to  inactivation  of  PMS 

The  standard  dose  of  PMS  (100  i.ij.)  and  varying  amounts  of  p-benzo- 
quinone  were  incubated  together  in  air  at  37°  C  for  2  hours.  The  incuba¬ 
tions  were  done  in  phosphate  buffer  at  pH  7.0  and  8.0.  The  quantities  of 
p-benzoquinone  used  and  the  ovarian  and  uterine  weights  of  the  rats  that 
received  injections  of  these  solutions  are  shown  in  Table  3. 

The  data  in  Table  3  show  that  the  greater  inhibition  observed  at  pH 
8.0  over  that  at  pH  7  (Fig.  2)  is  maintained  as  the  benzoquinone  concen¬ 
tration  was  lowered.  In  the  more  alkaline  medium  both  the  ovaries  and 
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Table  3.  Inactivation  of  pms  by  p-benzoqcinone:  effect  of  quinone  concentration 


Compound 

Dose  per  rat# 

pH 

Ovarian  wt.  (mg.) 

Uterine  wt.  (mg.) 

PMS  control 

100  i.u. 

7.0 

180+  0.0 

173  +  11  .7 

-l-BQ 

0 . 1  mg. 

7.0 

38-1-  1.2** 

151 ±4.7 

+  Bq 

0.05  mg. 

7.0 

73+  3.0** 

103  +  17.1 

+  bq 

0.025  mg. 

7.0 

110+  5.0** 

100  ±11. 4 

PMS  control 

100  i.u. 

8.0 

135  +  11  .7 

140+23.4 

-i-bq 

0 . 1  mg. 

8.0 

10±  1.1** 

43 ±  3.5* 

-i-bq 

0.075  mg. 

8.0 

10+  0.0** 

40 ±  4.7* 

-l-BQ 

0.05  mg. 

8.0 

20 ±  1.3** 

52 ±  4.8* 

-I-BQ 

0 . 025  mg. 

8.0 

30+  2.0** 

154  ±25.8 

-1-BQ 

0.01  mg. 

8.0 

71  +  3.0** 

190  +  40.0 

-fBQ 

0.005  mg. 

8.0 

03  ±  0.0 

153  ±23.2 

All  incubations  with  PMS  wore  made  for  2  hours  in  air  at  37°  C. 

#  4  rats  per  group. 

BQ  p-henzoquinone. 

Ovarian  and  uterine  weights  are  the  inean+S.E.M. 

**  P<().01  when  compared  with  PMS  controls. 

*  P<0.02  when  compared  with  PMS  controls. 

the  uteri  were  still  significantly  smaller  than  the  PMS  controls  when  the 
rats  received  100  i.u.  of  PMS  which  had  been  incubated  with  0.05  mg.  of 
/t-benzo(iuinone.  Kven  0.025  mg.  of  quinone  at  pH  8.0  inhibited  the  gon¬ 
adotrophin  sufficiently  to  prevent  an  increase  in  the  ovarian  weights,  al¬ 
though  the  uteri  now  showed  a  secondary  response. 

EjU'ect  of  time  of  incubation  on  inactivation  of  PMS 

The  standard  dose  of  PMS  was  incubated  with  varying  quantities  of 
;j-benzoquinone  at  87°  C  in  air  at  pH  8.0;  the  time  of  incubation  ranged 
from  15  minutes  to  24  hours.  It  was  found  that  the  inactiv'ation  of  PMS  by 
p-benzoquinone  increased  steadily  as  the  time  of  incubation  was  extended 
from  15  minutes  to  2  hours,  with  a  slight  further  increase  after  0  hours. 
Incubation  beyond  6  hours  did  not  cause  further  inactivation  of  the  gon¬ 
adotrophin.  This  rai.sed  the  question  of  the  effect  of  the  longer  incubation 
periods,  not  only  on  the  reaction  between  the  quinone  and  hormone,  but 
also  on  the  decomposition  of  the  quinone  itself.  There  are  numerous  ref¬ 
erences  in  the  literature  to  the  instability  of  quinones  in  aqueous  media. 
In  particular,  these  compounds  frequently  polymerize  to  form  dark 
amorphous  polymers  known  as  quinone  “humic  acids,”  a  reaction  which 
proceeds  in  the  ab.sence  of  oxygen  (4,  5,  6,  7,  11).  Experiments  related  to 
this  que.stion  are  described  below. 

Experiments  with  Other  Quinones 

Phenylbenzoquinone,  methylbenzoquinone,  2 :5-dimethylbenzoquinone, 
and  tetramethylbenzoquinone  were  incubated  in  the  amounts  shown  in 
Table  4  with  100  i.u.  of  PMS.  The  incubation  period  was  for  2  hours  at 
37°  C  in  phosphate  buffer  at  pH  8.C.  A  control  experiment  was  included 
using  100  I.u.  of  PMS  incubated  with  varying  amounts  of  p-benzoquinone. 
The  results  obtained  are  shown  in  Table  4.  2:6-dimethylquinone  (0.1  mg.) 
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Table  4.  Inactivation  of  pms  by  various  quinones 


Compound 

Dose  per  rat 

No.  of  rats 

Ovarian  wt.  (mg.) 

PMS  control 

100  i.u. 

4 

135  (013-154) 

-l-BQ 

0 . 1  mg. 

4 

16  (14-18) 

+  B(i 

0.05  mg. 

4 

20  (16-22) 

+  Bq 

0.025  mg. 

4 

30  (24-33) 

-l-PQ 

0 . 1  mg. 

2 

OO  (•?•>  OO) 

+  PQ 

0.05  mg. 

2 

25  (24,  25) 

+  PQ 

0.025  mg. 

2 

78  (59,  96) 

+  MQ 

0.1  mg. 

3 

33  (29-37) 

+  MQ 

0.05  mg. 

3 

96  (78-106) 

+  mq 

0.025  mg. 

3 

150  (121-196) 

+2:5  DMQ 

0 . 1  mg. 

2 

98  (82,  114) 

+2:5  DMQ 

0.05  mg. 

2 

110  (100, 120) 

+2:5  DMQ 

0.025  mg. 

2 

96  (79,  1 12) 

+  TMQ 

0.05  mg. 

4 

133  (113-150) 

All  incubations  with  PMS  were  made  at  pH  8.0  for  2  hours  in  air  at  37°  C. 

BQ  -p-benzoquinone. 

PQ  — phen  j’lquinone. 

MQ — methylquinone. 

2:5  DMQ — 2:5  dimethylhenzoquinone. 

TMQ — tetramethylbenzoquinone. 

Ovarian  weights  are  the  mean  with  the  range  or  the  individual  weights  in  parentheses. 

(lid  not  inactiv  ate  PMS  (100  i.u.)  when  assayed  in  hooded  rats  under  the 
same  conditions  of  incubation. 

The  introduction  of  methyl  groups  into  the  quinone  ring  led  to  a  marked 
reduction  in  activ'ity.  The  monomethyl  compound  was  approximately  one- 
quarter  as  active  as  p-benzoquinone.  2:5-  and  2:r)-dimethylbenzoquinones 
were  both  without  activity  at  a  level  of  0.1  mg.  Phenyllienzoquinone  was 
about  twice  as  activ'e  as  the  monomethyl  compound,  and  on  a  molar  basis 
approached  the  activity  of  p-benzoquinone. 

Reaction  Products  of  p-Bcnzoquinone 

In  the  experiments  described  above  it  was  observ'ed  that  during  the  in¬ 
cubation  period  both  the  hydroquinone  and  quinone  solutions  developed  a 
distinct  reddish-brown  tint.  Whereas  this  change  occurred  with  both  com¬ 
pounds  in  air  or  oxygen  and  became  more  pronounced  as  the  alkalinity  of 
the  incubation  media  was  increased,  only  the  quinone  solution  became 
colored  in  a  nitrogen  atmosphere.  The  relationship  of  this  color  develop¬ 
ment  to  the  antigonadotrophic  action  of  the  quinone  solutions  was  there¬ 
fore  investigated. 

In  preliminary  experiments  U.V.  absorption  measurements  showed  that 
three  successive  extractions  of  a  freshly  prepared  aqueous  solution  of  p- 
benzoquinone  (pH  6.0-8.0)  with  an  equal  vmlume  of  ether  removed  essen¬ 
tially  all  the  quinone.  The  aqueous  residue  was  completely  colorless,  and 
remained  so  on  standing.  Howev'er,  when  the  colored  solutions  obtained 
by  incubation  (in  air  or  nitrogen)  were  similarly  extracted,  the  brown  sub¬ 
stances  remained  in  the  aqueous  portion.  This  separation  procedure  was 
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used  to  determine  the  contributions  of  the  ether-soluble  and  etIier-insolul)le 
fractions  to  the  total  inhibitory  activity  of  the  quinone  solutions. 

It  was  found  that  when  a  freshly  prepared  aqueous  solution  (pH  S.O) 
of  p-benzoquinone  was  immediately  extracted  with  ether,  all  the  PMS  in¬ 
activating  substance  was  removed.  However,  when  the  quinone  solution 
was  incubated  alone  at  37°  C  prior  to  the  extraction,  the  ether  no  longer 
removed  all  the  antigonadotrophic  activity  from  the  aqueous  portion.  The 
ether-insoluble  activity  increased  as  the  time  of  incubation  was  extended. 
After  85  hours  at  37°  C  at  pH  8.0  the  total  activity  of  the  “aged”  solution 
was  almost  entirely  retained  in  the  aqueous  portion,  when  extracted  with 
ether.  However,  the  total  activity  after  this  period  of  incubation  was  sig¬ 
nificantly  less  than  that  of  freshly  prepared  solutions  of  p-benzoquinone. 
These  experiments  indicated  that  after  85  hours  incubation  the  p-benzo- 
quinone  had  been  converted  to  non-ether  extractable  .substances,  and  that 
the  latter  were  able  to  inactivate  PMS,  although  not  to  the  same  extent 
as  the  parent  quinone.  Under  the  conditions  of  incubation,  quinone  readily 
formed  the  polymeric  “humic  acid”  and  the  PMS  inactivating  properties 
of  this  material  were  therefore  investigated. 

Experiments  with  Quinone  Humic  Acid'' 

Preparation  of  “humic  acid" 

A  .solution  of  />-bpnzoquinone  (5  gm.)  in  dicth}-!  ether  (100  ml.)  was  shaken  with 
250  ml.  of  0.1  M  phosphate  buffer  at  pH  7.0,  and  then  refluxed  (35°  C)  for  OJ  hours. 
.\fter  standing  overnight,  the  ether  layer  was  separated  and  the  dark  brown  aqueous 
portion  was  extracted  four  times  with  100  ml.  of  ether.  The  final  extracts  were  i)rae- 
tieally  colorless.  The  aqueous  solution  was  acidified  to  pH  1.0  with  hydrochloric  acid 
and  allowed  to  stand  overnight.  The  dark  brown  precipitate  which  formed  was  removed, 
washed  well  with  1  N  hydrochloric  acid  and  water,  and  dried  in  vacuo  over  KOH.  .V 
dark  brown  glassy  solid  (1.3  gm.)  was  obtained.  It  was  in.soluble  in  dilute  acids  but 
readilj’  soluble  in  aqueous  media  at  pH  8.0. 

Biological  assay 

Known  amounts  of  the  “humic  acid”  were  dissolved  in  phosphate  buffer  at  j)!!  8.0 
and  incubated  with  PMS  at  37  °C  for  2  hours  in  air.  Rats  were  given  injections  of  these 
solutions  in  the  manner  previously  described.  The  dose  given  and  the  ovarian  and  uter¬ 
ine  weights  of  these  animals  at  autopsy  are  shown  in  Table  5. 

A  comparison  of  the  data  in  this  table  with  that  for  p-benzoquinone  in 
Table  3  indicates  that  the  isolated  “humic  acid”  was  about  one-tenth  as 
active  as  freshly  prepared  p-benzoquinone  solutions.  The  uteri  of  the  ani¬ 
mals  receiving  PMS  with  “humic  acid”  were  large  and  filled  with  fluid,  of 
the  type  noted  previously  in  rats  treated  with  PMS  partially  inactivated 
with  p-benzoquinone. 


DISCUSSION 

The  work  reported  here  deals  with  the  relationship  of  the  products  and 
reactions  shown  in  Equation  1  to  thfe  inactivation  of  PMS  gonadotrophin. 
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Table  5.  Ixactivatio.n  of  pms  by  giixoxE  “hlmic  acid” 


Dose  per  rat* 

Ovarian  wt.  (mg.) 

Uterine  wt.  (mg.) 

PMS  control 

100  i.u. 

148  (129,  167) 

140  (131,  148) 

-I- humic  acid 

0.5  mg. 

21  (20,21) 

326  (269,  383) 

-|- humic  acid 

0.25  mg. 

24  (20,  28) 

178  (129,  226) 

-t-humic  acid 

0 . 1  mg. 

37  (35,  39) 

184  (173,  194) 

All  incubations  with  PMS  were  made  at  pH  8.0  for  '2  hours  in  air  at  37°  C. 

•  2  rats  per  group. 

Ovarian  and  uterine  weights  are  the  mean  with  the  individual  weights  in  parentheses. 


Hvdroiiuinone  — ^  Quinone — >  “humic  acid.”  Kip  1 

(a)  (b) 

The  data  in  Figure  1  and  Table  2  indicate  that  hydroquinone  must  first 
be  oxidized  to  the  quinone  (Eq.  1(a))  before  it  can  inactivate  PMS  gonado¬ 
trophin.  The  rate  of  this  oxidation  is  markedly  dependent  on  the  pH  and 
increases  rapidly  as  the  medium  is  made  more  alkaline.  The  inability  of 
hydroquinone  to  inactivate  PMS  in  air  in  the  pH  range  ().5-7.5  (in  which 
range  quinone  is  quite  effective)  can  therefore  be  attributed  to  the  slow 
rate  at  which  it  is  oxidized  to  the  quinone. 

In  addition  the  degree  of  inactivation  of  PMS  with  quinone,  although 
not  dependent  on  oxygen,  also  increases  as  the  incubation  medium  is  made 
more  alkaline  (Fig.  2  and  Table  3).  The  results  with  the  hydroquinones  can 
therefore  be  explained  as  being  due  to  the  dual  effects  of  the  hydroxyl  ion 
concentration,  in  the  first  place  on  the  rate  of  oxidation  to  the  quinone  and 
secondly  on  the  rate  of  reaction  of  the  quinone  .so  formed  with  the  PMS. 

Quinones  may  react  with  both  sulfhydryl  and  amino  groups  by  .substitu¬ 
tion  in  the  quinone  ring,  and  when  there  is  competition  between  these 
groups  for  quinone  the  .sulfhj  dryl  group  u.sually  reacts  first  (3).  A  .similar 
reaction  may  take  place  between  quinone  and  PMS,  either  with  sulfhydryl 
groups  (if  present),  or  with  amino  groups  in  the  hormone. 

In  the  present  study  the  development  of  a  brown  color  during  the  incu¬ 
bation  of  quinone-containing  solutions  indicated  the  formation  of  “humic 
acids”  (Eq.  1(b)).  This  color  change  occurred  more  rapidly  as  the  alkalinity 
of  the  medium  increa.sed,  and  was  not  dependent  on  the  pre.sence  of  oxygen. 
When  acidified  these  brown  solutions  yielded  a  dark  amorphous  precipitate 
and  an  almost  colorless  supernatant.  It  was  thought  that  these  secondary 
reaction  products  might  contribute  to,  or  be  mainly  responsible  for  the 
inhibitory  activity  of  an  incubated  quinone  solution;  however,  although 
the  quinone  “humic  acid”  did  reduce  the  biological  activity  of  PMS,  it  was 
less  effective  than  the  parent  quinone  (Table  5).  It  is  po.ssible  that  “humic 
acid”  as  an  anionic  polymer  forms  an  ionic  complex  with  PMS  in  virtue  of 
the  basic  groups  which  the  latter  contains,  and  in  the  process  masks  groups 
essential  for  the  biological  activity  of  the  gonadotrophin.  The  relative  de¬ 
gree  of  inactivation  of  PMS  by  quinone  and  its  “humic  acid”  may  be  con¬ 
trasted  with  the  results  of  Roseman  and  Dorfman  (12)  who  found  that  the 
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antiliyaluronidase  activity  of  the  ‘‘humic  acid”  from  p-benzoquinone  was 
much  greater  than  that  of  the  parent  quinone. 

The  present  work  supports  and  in  part  explains  the  original  observations 
of  Noble  and  Graham  (2,  18,  14).  It  differs,  however,  in  that  under  the 
incubation  conditions  described  in  this  paper  the  dimethyl  hydroquinones 
and  (juinones,  gentisic  acid  and  other  compounds  were,  with  a  few  excep¬ 
tions,  found  to  be  inactive.  This  difference  may  be  related  to  the  purifica¬ 
tion  of  the  compounds  immediately  before  use,  and  to  the  use  of  buffered 
solutions  to  stabilize  the  pH. 

Rosen  and  Millman  (15,  16)  have  reported  on  the  inactivation  of  PMS 
by  a  number  of  hydro(iuinones.  In  the  present  study  many  of  these  com¬ 
pounds  were  found  to  be  inactive.  This  difference  may  be  partially  due  to 
the  much  greater  dose  level  used  by  these  workers  (0.6  mg./lOO  i.u.  of 
PMS).  Also  the  incubations  were  apparenth’  done  in  air,  and  it  seems 
probable  that  the  activity  reported  was  in  fact  due  to  the  prior  formation 
of  the  quinones,  and  possibly  their  ‘‘humic  acids.” 
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A  CX)MPARISOX  OF  THE  RATES  AT  WHICH  THYROTRO- 
PHIX  AXD  THE  HUMAX  ABXORMAL  THYROID 
STIMULATOR  DISAPPEAR  FROM  THE  CIR- 
CULATIXG  BLOOD  OF  THE  RAT 

D.  I).  ADAMS 

The  Endocrinology  Research  Deportment  of  the  Xew  Zealand  Medical  Research 
Council,  Medical  School,  Dunedin,  Xew  Zealand 

ABSTRACT 

Human  sorum,  obtained  from  a  tliyrotoxic  jjaticnt  and  containing  a  high 
concentration  of  the  al)normal  tliyroid  stimulator,  was  injected  intravenously 
into  rats.  The  amount  of  the  abnormal  thyroid  stimulator  remaining  in  the 
rats’  blood  after  1,  2  and  b  hours  was  compared  with  the  amount  present  2 
minutes  after  injection.  The  half-life  was  7.5  hours. 

Similar  experiments  were  conducted  with  I'.S.P.  Thyrotropin  Reference 
Substance  and  human  pituitary  th\’n)trophin  obtained  from  a  euthyroid  sub¬ 
ject.  One  hour  after  injection,  the  level  of  both  these  i)reparations  had  fallen  to 
less  than  5%  of  the  2-minute  level. 

It  is  suggested  that  the  i)rolong(‘d  life  of  the  abnormal  thjroid  stimulator 
in  circulating  blood  is  responsible  for  the  jjrolonged  nature  of  the  response 
which  it  elicits. 

IT  HAS  been  .shown  that  the  l)loo(l  of  some  thyrotoxic  patients  contains  a 
thyroid-stimulating  substance  with  a  time  course  of  action  which  dif¬ 
fers  from  that  of  thyrotrophin  (1,  2).  The  amount  of  this  material  pre.sent 
varies  widely  and  in  many  thyrotoxic  patients  its  presence  can  be  demon¬ 
strated  only  after  fractionation  of  the  .serum  proteins  (3).  In  occasional  pa¬ 
tients  high  concentrations  are  present.  We  have  recently  had  two  such  pa¬ 
tients  and  this  has  provided  us  with  sufficient  material  to  enable  us  to 
compare  the  rates  at  which  thyrotrophin  and  the  abnormal  thyroid  stimu¬ 
lator  disappear  from  the  circulating  blood  of  the  rat. 

To  determine  whether  or  not  there  is  a  species  difference  between  human 
and  bovine  thyrotrophin  in  this  respect,  human  pituitary  thyrotrophin  was 
studied  in  addition  to  standard  thyrotrophin  (bovine)  and  the  abnormal 
thyroid  .stimulator. 

METHODS 

Terminology 

In  this  paper  the  term  “thyrotrophin”  is  reserved  for  thyroid-stimulating  hormone 
which  elicits  the  “normal  response,”  as  previously  defined  (1).  Such  material  is  present 
in  bovine,  rat  and  euthyroid  human  pituitarj-  glands  and  in  the  blood  of  hypothyroid 
people  and  rats  (1). 

Received  June  17,  1959. 
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Tho  inatprial  eliciting  the  “abnormal  response”  (1),  is  called  the  “abnormal  thyroid 
stimulator.”  A  more  descriptive  name  for  this  material  would  be  “long-acting  thyroid 
stimulator,”  but  the  use  of  this  name  is  being  deferred  meanwhile  as  future  work  may 
suggest  an  even  better  name.  The  abnormal  thyroid  stimulator,  so  far,  has  b(>en  found 
only  in  the  blood  of  patients  with  Oraves’  Disease. 

The  term  “thyroid-stimulating  hormone”  or  TSH  is  used  for  both  thyrotrophin  and 
the  abnormal  thyroid  stimulator,  but  this  usage  does  not  imply  that  the  latter  neces¬ 
sarily  acts  directly  on  the  thyroid. 

Injection  and  bleeding  of  rats 

Male  rats  weighing  about  140  gm.  were  used,  all  having  received  30  pg.  of  L-thyroxine 
daily  for  the  preceding  two  days  to  inhibit  their  own  thyrotrophin  secretion. 

'I'he  abnormal  thyroid  stimulator  (serum  from  thyrotoxic  patient  W.R.P.)  was  in¬ 
jected  via  a  tail  vc'ssel,  the  volume  being  2.0  ml.  per  rat.  Immediately  before  the  injec¬ 
tion  the  rats  were  bh'd  1.0  ml.  from  a  cut  tail  ves.st>l  to  n'duee  their  blood  volume  and 
so  to  minimize  the  increase  caused  by  the  injection.  The  bleeding  and  injection  wer(> 
performed  under  light  ether  anaesthesia,  with  the  rat  warmed  by  an  overhead  lamp  to 
dilate  the  tail  vessels. 

The  standard  thyrotrophin  (U.S.P.  Thyrotropin  Reference  Substance)  and  the  hu¬ 
man  i)ituitary  thyrotrophin  (saline  extract  of  whole  pituitary  from  autopsy  of  a  ease  of 
status  asthmatieus)  were  injected  in  ('xaetly  the  same  manner  as  the  abnormal  thyroid 
stimulator,  each  injection  consisting  of  the  chosen  amount  of  thyrotroj)hin  dissolved  in 
2.0  ml.  of  euthyroid  human  serum.  The  amount  of  standard  thyrotrophin  injected  into 
each  rat  was  0.4  l.U.  The  amount  of  human  thyrotrophin  per  injeetion  is  not  known 
exactly,  but  a  rough  assay  indicated  that  it  was  of  the  order  of  0.07  l.U. 

In  every  instance,  three  rats  were  used  to  provide  the  blood  for  each  plasma  “pool” 
to  be  assayed.  Sejjarate  animals  were  used  for  each  pool,  no  rat  being  bh'd  mort*  than 
once.  The  blood  for  the  pools  was  collected  from  the  rats  2  minutes,  1  hour,  2  hours  or 
6  hours  after  the  injeetion  of  TSH.  .Veeording  to  the  time  of  bleeding  the  pools  were 
designated  “2-minute  pool,”  “1-hour  i)ooI,”  etc. 

In  the  studies  of  standard  and  human  pituitary  thyrotrophin  2-minute  and  1-hour 
l)ools  were  eolleeted.  In  the  study  of  the  abnormal  thyroid  stimulator  pools  were  col¬ 
lected  at  2  minutes,  1  hour,  2  hours  and  6  hours. 

For  all  bleedings  the  rats  were  under  light  ether  anaesthesia.  For  2-minute  pools  the 
rats  were  bled  by  heart  puncture,  this  taking  ^  to  1  minute  to  provide  4  to  5.5  nd.  of 
blood.  To  prevent  clotting,  0.2  ml.  of  heparin  solution  was  injected  into  the  heart  before 
blood  was  withdrawn  from  the  heart  puncture.  For  1  hour  and  later  pools  the  rats  wen* 
fully  exsanguinated,  the  heart  puncture  being  supplemented  by  thoractocomy,  the 
l)rocedure  taking  1  to  2  minutes. 

TSIl  assay  method 

'riie  THH  assays  wen*  done  by  a  method  which  is  a  slight  modification  of  McKen¬ 
zie’s  adaptation  to  mice  (4)  of  the  guinea  pig  plasma  measurements  method  (5). 
Mice  give  more  variable  responses  than  do  guinea  pigs.  To  offset  this,  when  using  mice 
we  us('  larger  nund)ers  of  animals  and  to  avoid  prohibitively  increasing  the  time  rcfiuired 
for  counting  the  plasma  I'^'  samples,  we  use  the  mice  in  pairs,  each  0.1  ml.  mouse  i)lasma 
I*’*  sample  counted  consisting  of  0.05  ml.  of  blood  from  each  of  two  mice.  Thus  the 
number  of  mice  u.sed  is  double  the  number  of  responses  measured. 

In  the  assays  of  jdasma  from  rats  receiving  standard  thyrotrophin  and  human  pitui¬ 
tary  thyrotrophin,  2-hour  responses  were  measured  in  the  assay  mice,  whereas  Ifi-hour 
responses  were  measured  in  the  assays  of  plasma  from  rats  receiving  the  abnormal  thy- 
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Table  1.  Assays  of  the  TSH  context  of  rat  plasma  2  minutes  and  1  hour  after 

INTRAVENOUS  INJECTION  OF  (a)  STANDARD  THYROTROPHIN  AND  (b)  THE 
ABNORMAL  THYROID  STIMULATOR 


1 

Time  from  I 

TSH  a-ssay  of  pooled  rat  plasma 

Material  injected  j 

into  rats 

TSH 
injection 
to  bleeding  ' 

1 

Dilution  1 

N‘  j 

Mean 

response* 

P  for 

difference’ 

Estimated 

TSH 

content 

(a)  Standard  Thyrotro¬ 
phin,  0.4  I.U.  in  2.0 

2  minutes 

1  in  40 

10  ! 

220 

i 

<0.001 

100 

ml.  euthyroid  serum 

1  hour 

undiluted 

10 

i  76 

<2.5 

(i))  .\bnormal  thyroid 
stimulator,  2.0  ml.  of 

2  minutes 

1  1  in  2 

14 

52 

<0.05 

100 

W.K.P.’s  serum 

1  hour 

i  undiluted 

I  12 

1 

116 

1 

>.50 

*  N  =niiinber  of  responses  measured.  Number  of  mice  u.sed=2N. 

*  The  response  is  the  rise  in  the  plasma  I”'  level  of  the  mouse,  expressed  as  a  percent  age 
of  the  initial  value. 

’  Students’  t  test  applied  to  the  difference  between  the  responses  given  by  the  2-minute 
and  the  1-hour  rat  plasma  pools. 

roid  stimulator.  In  addition,  some  2-hour  responses  were  measured  for  the  1-hour  rat 
plasma  pool  containing  the  abnormal  thyroid  stimulator,  to  enable  determination  of 
the  response  ratio  (2-hour  response  divided  by  16-hour  response)  (1).  Similarly,  some 
16-hour  responses  were  measured  to  enable  determination  of  the  response  ratio  of  the 
1-hour  rat  plasma  pool  containing  standard  thyrotrojihin.  Control  injections  of  saline 
were  made  in  all  assays  where  16-hour  responses  were  measured,  the  response  being  the 
difference  between  the  mean  value  elicited  by  the  rat  plasma  pool  and  the  mean  value 
elicited  by  the  saline  (1). 

TSII  assay  of  the  rat  plasma  pools 

In  the  first  experiment  (Table  I),  the  2-minute  rat  plasma  pool  containing  standard 
thyrotrophin  was  diluted  1  in  40  prior  to  assay.  Then  the  diluted  2-minute  pool  was 
compared  with  the  undiluted  1-hour  pool  in  several  assays  until  the  difference  between 
the  mean  responses  to  the  two  pools  was  highly  significant.  The  2-minute  and  1-hour 
rat  plasma  pools  containing  the  abnormal  thyroid  stimulator  were  compared  similarlj’ 
but  the  2-minute  pool  was  diluted  only  1  in  2. 

In  the  second  experiment  (Table  2),  which  involved  human  pituitary  thyrotrophin, 
a  shortage  of  this  material  necessitated  the  adoption  of  a  different  procedure.  The  2-min¬ 
ute  pool  was  diluted  1  in  10  and  assayed  against  two  doses  of  standard  thyrotrophin,  the 
doses  chosen  giving  responses  which  bracketted  the  response  to  the  diluted  pool.  The 
potency  of  the  pool  was  calculated  in  two  ways,  one  assuming  a  linear  log-dosc-response 


Table  2.  Assays  of  the  TSH  content  of  rat  plasma  2  .minutes  and  1  hour  after 

INTRAVENOUS  I.NJECTION  OF  HU.MAN  EUTHYROID  PITUITARY  THYROTROPHIN 


Time  from 
TSH  in¬ 
jection  to 
bleeding 

TSH  assay  of  pooled  rat  plasma 

Material  injected  into  rats 

Doses  of 
standard 

Responses 
to  standard 

Dilution 
of  pool 

Response 

Estimated  TSH 
content 

pool 

1  mU/ml.  1 

% 

Human  pituitary 

1 

2  minutes 

0.45  mU 
0.15  mU 

192 

56 

1  in  10 

1 

128 

H- 

1(X) 

13.5  nip.  (^.07  I.U.)  in  2.0  ml. 
of  outhyroid  serum 

1  hour 

0.l5  mU 

93 

undiluted 

22 

<0.43 

P<0.02« 

<4.4 

>  Standard  error. 

I  The  probability  that  the  TSH  content  was  as  high  as  0.43  mU  /ml. 
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Table  3.  Assays  of  the  TSH  context  of  hat  plasma  2  minutes  and  2  hours  and 

2  MINUTES  AND  6  HOURS  AFTER  INTRAVENOUS  INJECTION  OF  THE  ABNORMAL 
THYROID  STIMULATOR 


Material  injected  into  rats 

Time 
from  TSH 
injection 
to  bleeding 

1 

TSH  assay  of  pooled  rat  plasma 

N 

Mean  j 
response  | 

Units  of 

abnormal  thyroid 
stimulator/0.3  ml.' 

% 

Abnormal  thj’roid  stimula- 

2  minutes 

j  12 

210 

100 

100 

lator,  2.0  ml.  of  W.U.l’.’.s 

j  2  hours 

1  12 

1  157 

82 

i  4 

1  2  minutes 

8 

480 

195 

100 

1  0  hours 

i  8 

237 

113 

58 

>  Unit  of  abnormal  thyroid  stimulator  is  an  amount  equal  to  that  contained  in  0.001  ml. 
of  M.McC.  Ill  serum. 


relationship,  the  other  assuming  a  linear  dose-response  relationship.  This  is  because  the 
mouse  dose-response  relationship  for  thyrotrophin  (6),  like  that  of  the  guinea  pig  (5), 
is  intermediate  between  log-dose-response  linearity  and  dose-response-linearity  over  the 
range  used.  The  curvature  is  slight  over  three-fold  dosage  ranges  so  the  two  potency 
estimates  and  their  errors  differ  only  slightly.  In  this  instance  the  log-dose  estimate 
was  9.0  mU  ml. +  1.8  ml’  ml.  and  the  arithmetic-dose  estimate  was  10.3  ml’/ml. 
+  1.0  mU/ml.,  the  value  given  in  Table  2  being  the  mean  of  these.  The  1-hour  pool  was 
assayed  undiluted  against  a  dosage  of  0.13  mU  of  standard  thyrotrophin. 

In  the  third  and  fourth  e.yperiments  (Table  3),  2-minute  pools  containing  the  ab¬ 
normal  thyroid  stimulator  were  compared  with  2-hour  and  6-hour  pools.  The  mean 
responses  elicited  were  converted  to  “units”  of  abnormal  thyroid  stimulator  by  reading 
off  the  dose-response  line  for  the  abnormal  thyroid  stimulator  (6).  One  unit  of  the 
abnormal  thyroid  stimulator  is  the  amount  contained  in  0.001  ml.  of  M.  McC.  Ill 
serum. 

Estimate  of  the  half-life  of  the  abnormal  thyroid  stimulator 

This  was  done  in  two  ways,  both  assuming  exponential  fall.  Firstly,  by  making  use 
of  the  6-hour  value  and  its  fiducial  limits  (calculated  by  the  method  described  in  the 
appendix  of  reference  1).  Secondly,  by  calculating  the  regression  coefficient  of  the 
2-minute,  1-hour,  2-hour  and  6-hour  values,  assuming  homogeneous  variance. 

RESULTS 

Rate  of  disappearance  of  standard  thyrotrophin 

Table  1(a)  shows  the  mean  responses  elicited  by  rat  plasma  collected  2 
minutes  and  1  hour  after  intravenous  injection  of  standard  thyrotrophin. 
This  material  (U.S.P.  Thyrotropin  Reference  Substance)  is  prepared  from 
bovine  pituitary  glands.  Prior  to  assay,  the  2-minute  plasma  was  diluted 
1  in  40,  whereas  the  1-hour  plasma  was  assayed  undiluted.  The  fortyfold 
dilution  of  the  2-minute  plasma  elicited  a  response  significantly  greater 
(P  <0.001)  than  that  elicited  by  the  undiluted  1-hour  plasma.  It  is  ap¬ 
parent  that  the  level  of  the  injected  standard  thyrotrophin  in  the  rats’ 
plasma  at  1-hour  was  less  than  2.5%  of  that  at  2  minutes.  This  result  is  in 
agreement  with  the  previous  work  of  D’Angelo  (7)  and  Levy  and  Solomon 
(8).  The  response  ratio  (1)  of  the  1-hour  rat  plasma  was  2.9. 
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Rate  of  disappearance  of  human  pituitary  thyrotrophin 

Table  2  shows  the  measurements  of  the  thyrotrophin  content  of  rat 
plasma  collected  2  minutes  and  1  hour  after  intrav  enous  injection  of  human 
pituitary  thyrotrophin.  The  amount  present  at  1  hour  was  less  than  4.4% 
of  the  amount  present  at  2  minutes. 

(c)  Rate  of  disappearance  of  the  abnormal  thyroid  stimulator 

Table  1(b)  shows  the  mean  responses  elicited  by  rat  plasma  collected  2 
minutes  and  1  hour  after  intravenous  injection  of  2.0  ml.  of  serum  from 
thyrotoxic  patient  W.R.P.  This  serum  elicited  a  IG-hour  response  of  lOliO, 
with  a  response  ratio  (1)  of  0.43,  on  direct  assay.  The  2-minute  rat  plasma 
was  diluted  1  in  2  before  assay,  the  1-hour  rat  plasma  being  assayed  un¬ 
diluted.  The  response  to  the  1-hour  plasma  was  significantly  greater  (P 
<0.05)  than  that  to  the  twofold  dilution  of  the  2-minute  plasma.  Both  re- 
spon.ses  differed  significantly  (P  <0.01)  from  the  saline  control  values. 

The  data  indicate  that  the  level  of  the  injected  abnormal  thyroid  stimu¬ 
lator  in  the  rats’  plasma  at  1  hour  was  greater  than  50%  of  that  at  2  min¬ 
utes.  An  approximate  estimate  of  the  actual  value,  obtained  by  making 
reference  to  the  dose-response  line  for  the  abnormal  thyroid  stimulator  in 
mice,  was  90%.  The  response  ratio  of  the  1-hour  rat  plasma  was  0.31, 
showing  that  passage  through  the  rat  did  not  alter  the  time  course  of  the 
response  elicited  by  the  abnormal  thyroid  stimulator  when  injected  into 
mice. 

Table  3  shows  the  mean  responses  elicited  by  rat  plasma  collected  2 
minutes  and  2  hours  and  2  minutes  and  6  hours  after  intravenous  injection 
of  2.0  ml.  of  W.R.P.’s  serum.  The  mean  responses  have  been  converted 
into  units  of  abnormal  thyroid  stimulator  (see  “Methods.  TSH  assay  of  rat 
plasma  pools”).  It  is  .seen  that  the  concentration  of  abnormal  thyroid  .stim¬ 
ulator  in  the  rats’  plasma  had  fallen  to  77%  of  the  2-minute  value  by  2 
hours  and  to  58%  by  0  hours. 

Figure  1  shows  the  amounts  of  the  abnormal  thyroid  stimulator  in  the 
rat  plasma  at  1  hour,  2  hours  and  0  hours,  expressed  as  percentages  of  the 
2-minute  value.  Assuming  exponential  fall,  the  G-hour  value  indicates  a 
half-life  of  7.G  hours  with  fiducial  limits  of  22.2  hours  and  3.72  hours  for 
P  =  0.05.  The  regre.ssion  coefficient,  calculated  from  the  2-minute,  1-hour, 
2-hour  and  G-hour  values,  assuming  homogeneous  variance,  indicates  a 
half-life  of  7.4  hours  with  fiducial  limits  of  23.3  hours  and  4.4  hours  for 
P  =  0.05.  Figure  1  also  shows  the  upper  limits  of  the  e.stimates  of  the  lev  els 
of  human  pituitary  thyrotrophin  and  standard  thyrotrophin  in  the  rat 
plasma  at  1  hour,  expressed  as  percentages  of  the  2-minute  levels. 

DISCUSSION* 

It  is  apparent  that  the  life  of  the  abnormal  thyroid  stimulator  in  circulat¬ 
ing  rat  blood  is  much  longer  than  that  of  either  standard  thyrotrophin  or 


May,  1960 


ABNORMAL  THYROID  STIMULATOR 


603 


human  pituitary  thyrotropliin.  The  prolonged  life  of  the  abnormal  thyroid 
stimulator  cannot  be  attributed  to  a  species  ditference  between  human 
and  bovine  TSH. 

The  abnormal  response  has  been  described  as  a  “delayed”  response 
(9,  2).  While  it  is  true  that  the  time  at  which  the  response  reaches  its  maxi¬ 
mum  value  is  delayed,  the  time  of  onset  of  the  response  is  not  delayed  (see 
Fig.  1,  reference  1),  therefore  it  is  better  described  as  a  “prolonged”  re¬ 
sponse. 

It  seems  likely  that  the  prolonged  nature  of  the  abnormal  response  is 
due  to  the  prolonged  life  of  the  abnormal  thj  roid  stimulator  in  circulating 
blood. 

We  have  not  been  able  to  measure  the  life  in  circulating  rat  blood  of 


FiG.  1.  The  TSH  content  of  rat  plasma 
at  various  times  after  intravenous  injec¬ 
tion  of  human  pituitary  thyrotropliin, 
standard  thyrotropliin  and  the  abnormal 
thyroid  stimulator  (patient.  W.R.P.’s  se¬ 
rum).  The  limits  of  error  shown  an*  for 
P  =  0.0.5.  The  arrows  indicate  that  the  as¬ 
sociated  values  are  significantly  greater  or 
less  than  the  points  shown  (see  Table  1). 


Hours  after  injecton  of  TSH 

human  serum  thyrotropliin  from  non-thyrotoxic  subjects,  as  we  have  no 
such  sera  of  .sufficient  potency.  Therefore,  it  has  not  been  possible  to  prove 
that  the  thyrotropliin  present  in  the  lilood  of  patients  with  myxedema 
and  cretinism  does  not  also  have  a  prolonged  stay  in  blood.  It  seems  un¬ 
likely,  however,  that  human  pituitary  thyrotropliin  and  human  myx¬ 
edema  serum  thyrotropliin  could  differ  much  in  their  time  of  stay  in  blood 
when  they  both  hav'e  the  same  short  time  course  of  action  in  the  TSH  as¬ 
say,  in  contrast  to  the  abnormal  thyroid  stimulator  which  has  a  prolonged 
stay  in  lilood  and  a  prolonged  time  course  of  action  in  the  assay. 

The  dose-response  relationship  of  the  abnormal  thyroid  stimulator  (6) 
is  similar  to  that  which  would  be  predicted  for  normal  thyrotropliin  having 
a  prolonged  life  in  the  blood.  If  the  abnormal  thyroid  .stimulator  acts  di¬ 
rectly  on  the  thyroid  (which  is  not  yet  established),  then  there  is  no  evi¬ 
dence  at  present  that  its  mechanism  of  action  differs  from  that  of  normal 
thyrotrophin. 
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The  site  of  production  of  the  abnormal  thyroid  stimulator  remains  un¬ 
known. 
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(IIAXGKS  IN  THE  .METABOLISM  OF  S=’^-LABELED 
SULFATE  ASSO(TATED  WITH  RENAL 
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Departments  of  Pathology  and  Internal  Medieine,  The  l^niversity  of  Michigan 
Medical  School,  Ann  Arbor,  Michigan 

ABSTRACT 

Renal  calcification  was  produced  in  50  laboratory  mice  of  mixed  sexes  by 
the  administration  of  parathyroid  extract  or  10%  calcium  gluconate.  10  pc.  of 
Xa2S^*04  was  injected  into  each  mouse  24  hours  prior  to  sacrifice.  The  renal 
calcification  resulting  from  the  administration  of  PTE  was  accompanied  by  an 
increase  in  the  amount  of  bound  S’®.  This  increase  was  proportionate  to  the 
degree  of  calcification.  Xo  change  in  sulfate  binding  accompanied  the  calcifi¬ 
cation  produced  by  calcium  gluconate. 

The  calcification  produced  by  the  administration  of  parathyroid  ex¬ 
tract  (PTE)  is  thought  to  he  a  direct  result  of  the  hypercalcemia  pro¬ 
duced  by  PTl'i  (1).  However,  current  studies  in  our  laboratory  have  dem¬ 
onstrated  a  basic  histologic  difference  between  the  calcification  produced 
by  PTE  and  that  produced  by  10%  calcium  gluconate.  This  observed  dif¬ 
ference  is  not  consistent  with  the  concept  that  calcification  resulting  from 
administration  of  PTE  is  simply  a  result  of  elevated  serum  calcium  levels, 
and  was  considered  worthy  of  further  investigation. 

It  has  been  stated  that  PTE  has  a  direct  effect  on  the  connective  tissue 
ground  substance  of  the  rat  kidney,  and  that  this  change  precedes  the 
deposition  of  calcium  in  these  areas  (2).  With  this  thought  in  mind,  we 
have  studied  the  uptake  of  S*“-labeled  sulfate  by  the  mouse  kidney  in  an 
attempt  to  differentiate  the  calcification  produced  by  PTE  from  that  pro¬ 
duced  by  calcium  gluconate.  This  is  based  on  the  assumption  tbat  the 
majority  of  S^^-labeled  sulfate  fixed  by  tissue  is  deposited  as  ester  sulfate  in 
chondroitin  sulfuric  acid  (CSA),  with  little  activity  being  found  in  other 
sulfated  compounds  (3).  Since  CSA  is  a  major  component  of  the  connective 
tissue  ground  substance,  any  change  in  the  uptake  of  administered  S*" 
would  imply  a  change  in  the  metabolism  of  the  connective  tissue  ground 
substance. 


MATERIALS  AND  METHODS 

Fifty  laboratory  mioo  of  mixod  sexes,  each  weighing  approximately  20  gm.,  were  used 
for  these  experiments.  They  were  divided  at  random  into  3  groups:  1)  20  mice;  2)  10 
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mice;  aiul  3)  20  mice,  12  of  which  died  during  the  experiment.  The  mice  were  then  in¬ 
jected  intraperitoneally  over  the  5  day  experimental  period  according  to  one  of  the  fol¬ 
lowing  regimes;  1)  200  units  of  PTE  (Eli  Lilly  Co.),  the  total  amount  being  given  in 
gradually  increasing  do.ses  over  the  experimental  period;  2)  a  control  solution  consisting 
of  0.2  gm.%  phenol  and  0.6  gm.%  bovine  albumin  in  normal  saline,  which  corresponded 
to  the  concentration  of  phenol  and  protein  in  the  PTF^,  and  was  injected  in  volumes 
equal  to  the  PTE;  and  3)  10%  calcium  gluconate,  0.4  cc.  day  for  5  daj-s,  or  a  total  of 
2.0  cc. 

On  the  fifth  experimental  day,  in  addition  to  the  experimental  injection,  the  mice 
were  injected  subcutaneously  with  10  fiQ.  of  Xa2S’^04.  They  were  sacrificed  24  hours 
later  by  severing  the  cervical  spinal  cord.  One  kidney  was  removed,  fixed  in  absolute 
alcohol,  and  subsequently  stained  for  calcium  phosphate  and  or  calcium  carbonate  by 
the  von  Kossa  method.  Three  slices  taken  from  the  remaining  kidnej’  were  weighed  and 
placed  in  separate  counting  vials.  The  kidney  slices  were  dissolved  in  hyamine,  and  the 
activity'  determined  in  a  Packard  Tri-Carb  Li(iuid  Scintillation  Spectrometer  (4).  The 
S’®  activity  was  expressed  as  counts  mg.  wet  weight,  min.  The  mean  of  three  determina¬ 
tions  from  each  kidney  was  used  as  the  final  value. 

The  amount  of  tLssue  calcium  was  expressed  semi-quantitatively  as  determined  from 
the  sections  stained  with  the  von  Kossa  method.  Four  values  were  used;  0,  1  plus,  2  plus, 
and  3  i)lus.  These  values  nderred  respectively  to  the  complete  absence  of  calcium,  mini¬ 
mal  calcification,  moderate  calcification,  and  extensive  calcification.  The  slides  were 
evaluated  independenth-  by  3  observers. 

RESULTS 

Injection  of  the  control  solution  appeared  to  be  innocuous,  and  there 
were  no  deaths  in  this  group  of  animals.  The  mortality  among  the  animals 
receiving  PTE  was  minimal,  but  in  contrast  to  the  control  group,  many  of 
these  animals  seemed  to  be  ill  when  sacrificed.  There  was  a  remarkable 
correlation  in  this  group  between  the  morbidity  and  the  degree  of  renal 
calcification  ob.served  microscopically.  The  mortality  among  the  animals 
receiving  calcium  gluconate  was  quite  high. 

The  experimental  results  are  illustrated  in  Figure  1.  The  amount  of  S*“- 
labeled  sulfate  bound  is  charted  against  the  degree  of  renal  calcification 
for  each  animal.  Renal  calcification  did  not  develop  in  the  control  animals, 
and  the  amount  of  S’Mabeled  sulfate  fixed  by  the  kidney  was  quite  con¬ 
stant  within  this  group.  On  the  contrary,  approximately  two-thirds  of  the 
mice  receiving  PTE  exhibited  varying  amounts  of  calcific  deposits;  the 
more  exten.sive  the  calcification,  the  more  S^Mabeled  .sulfate  was  fixed  by 
the  kidney.  There  were  six  animals  receiving  PTE  that  did  not  demon¬ 
strate  calcification,  and  all  had  levels  of  bound  S*"  comparable  to  tho.se  of 
the  control  group.  Finally,  renal  calcification  was  observed  in  every  animal 
receiving  calcium  gluconate.  However,  in  contrast  to  the  calcification  pro¬ 
duced  by  PTE,  there  seemed  to  be  no  correlation  between  radioactive  sul¬ 
fate  uptake  and  the  degree  of  calcification.  The  amount  of  S^’-labeled 
sulfate  bound  by  the  kidney  was  quite  comparable  to  that  observed  in 
the  control  group. 
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Fig.  1.  Rolationshi])  hotwpcn  sulfate  fixation  and  calcification 
charted  for  each  experimental  animal. 

DISCUSSION 

Renal  calcification  produced  by  PTE  is  associated  with  an  increase  in 
sulfate  binding;  the  more  extensive  the  calcification,  the  greater  the  degree 
of  sulfate  binding.  Renal  calcification  produced  by  calcium  gluconate  was 
not  accompanied  by  an  increase  in  sulfate  binding.  Parathyroid  extract 
had  no  effect  on  sulfate  metabolism  when  calcification  did  not  also  occur. 
Consequently,  it  is  possible  that  the  observed  changes  in  sulfate  metab¬ 
olism  produced  by  PTE  were  secondary  to  the  deposition  of  calcium  in  the 
soft  tis.sue.  However,  since  changes  in  sulfate  metabolism  did  not  occur 
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when  the  renal  calcification  was  produced  by  calcium  gluconate,  it  may 
not  be  a  nonspecific  response,  and  perhaps  is  a  change  in  the  state  of  the 
connective  tissue  which  accompanies  PTE-induced  nephrocalcinosis. 
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PREPARATION  AND  METABOLISM  OF 
lODINATED  PEPTIDES^ 
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ABSTRACT 

A  method  of  preparation  and  of  I'®*-labeling  of  L-leucyl-L-mono-  or  diiodo- 
tyrosine,  and  glj'cyl-L-mono-  or  diiodotyrosine  is  described. 

Studies  with  sheep  thj  roid  and  liver  have  been  performed.  A  peptidase  which 
hydrolyzes  the  iodinated  dipeptides  is  present  in  liver  and  thyroid  microsomes 
and  in  the  cell  sap  of  these  preparations.  A  tissue  deiodinase  was  also  demon¬ 
strated,  but  it  could  not  be  shown  that  this  was  active  prior  to  hydrolysis  of  the 
dipeptide. 

Abnormal  iodinated  substances  have  been  reported  in  the  blood  of 
L  patients  with  carcinoma  (1,  2),  congenital  goiter  (3),  and  chronic 
thyroiditis  (4).  In  this  laboratory  a  metabolically  inactive  protein  or  poly¬ 
peptide  has  been  described  in  the  blood  of  certain  patients  with  congenital 
goiter  and  hypothyroidism.  This  abnormal  complex  contains  peptide- 
linked  iodotyrosines  and  iodothyronines,  moves  electrophoretically  with 
albumin,  is  poorly  extracted  from  acidified  serum  into  «-butanol,  and  is  al¬ 
most  immobile  in  various  chromatographic  systems  using  butanol. 

A  similar  serum  iodine  component  has  been  found  in  approximately  00% 
of  patients  with  functional  carcinoma  of  the  thyroid  (2).  This  substance, 
designated  Compound  X  by  Robbins  who  first  described  it,  has  an  electro¬ 
phoretic  mobility  similar  to  albumin.  When  incubated  with  trypsin  or 
alkali  it  jields  monoiodotyrosine  and  a  small  amount  of  thyroxine.  It  is 
also  poorly  soluble  in  butanol.  A  significant  amount  of  iodoprotein  which 
is  insoluble  in  acid  butanol  may  also  appear  in  the  blood  in  the  course  of 
chronic  thyroiditis. 

These  observations  have  stimulated  a  study  of  the  metabolism  of 
iodinated  peptides.  This  report  concerns  the  preparation  and  degradation 
of  the  iodinated  peptides,  L-leucyl-L-mono-  or  diiodotyrosine,  and  glycyl- 
L-mono-  or  diiodotyrosine. 


METHODS 

Preparation  of  iodinated  L-leucyl-L-tyrosine 

L-Lcucyl-L-tyrosine®  was  iodinated  by  methods  similar  to  those  described  previous!}' 
for  the  iodination  of  tyrosine  (5).  Iodine  prepared  in  an  ether  phase  was  incubated  with 
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leucyl-tyrosine  in  alkaline  solution  (1.6  mg.  ml.).  When  the  iodine  was  prepared  with 
eoneentrated  peroxide  a  better  yield  of  the  iodopeptide  was  obtained.  The  reason  for 
this  is  unexplained.  When  the  molar  ratio  of  iodine  t<»  LT^  is  6  1,  one  obtains  mostly 
Leu-MIT.  If  the  ratio  of  iodine  is  slightly  increased,  a  mixture  of  Leu-MIT  and  Leu- 
DIT  is  formed.  With  increasingly  higher  concentrations  of  iodine,  more  Leu-DIT  is 
produced,  .\fter  incubation  for  12-15  hours,  the  solution  is  dried  by  an  air  stream.  The 
iodinated  products  are  then  dissolved  in  concentrated  ethanol-ammonia  and  purified  by 
chromatography.  The  elution  is  carried  out  with  0.9%  saline  at  a  slightly  alkaline  pH. 

The  addition  of  to  the  sodium  iodide  during  the  first  step  permits  formation  of 
labeled  iodinated  L-leucyl-L-tyrosine.  The  yield  of  labeled  iodinated  leucyl-tyrosine  is 
poor.  One  must  use  5-7  me.  of  I'®'  in  order  to  obtain  microcurie  amounts  of  Leu-MIT  or 
Leu-DIT.  These  labeled  peptides  do  not  deteriorate  when  kept  frozen. 

Preparation  of  iodinated  glycyl-L-tyrosine 

The  same  procedure  as  for  LT  has  been  followed  for  the  iodination  of  glycyl-L- 
tyrosine.®  Glycyl-tyrosine  prepared  in  an  alkaline  solution  (1.24  mg.  ml.)  was  incubated 
with  iodine.  With  a  molar  ratio  of  iodine  to  GT  of  6  1,  G-MIT  was  chiefly  formed.  Vari¬ 
ations  in  the  ratio  gave  a  mixture  of  G-MlT  and  G-I)IT,  or  G-I)1T. 

Solvents 

Several  solvents  have  been  used  to  characterize  the  iodinated  peptide  in  one  or  two- 
dimensional  chromatography : 

1)  n-butyl  alcohol-acetic  acid- water  (250:60:250  v,  v), 

2)  collidine-water  (35:100  v,  v)  in  atmosjjhere  of  ammonia, 

3)  pyridine-butanol-acetic  acid-water  (20:36:6:24  v  v), 

4)  j)henol-water  (100:20  v/v,  Mallinckrodt  liquid  phenol),  in  the  j)resence  of  Ilf'X, 

5)  2,6-lutidine-collidine-water  (1 :1 :1)  with  1-2%  diethylamine. 

In  the  butanol-acetic  acid  solvent  system,  both  Leu-MIT  and  Leu-DIT  occupy  posi- 
ti(*ns  overlapi)ing  the  thyroxine  zone,  but  they  were  distinct  from  thyroxine  in  several 
other  solvent  systems.  No  evidence  was  found  for  the  formation  of  thyroxine  under  the 
condition  of  iodination,  as  determined  by  two-dimensional  chromatography,  .\ccord- 
ingly,  butanol-acetic  acid  descending  chromatograi)hy  was  employed  for  routine 
studies.  The  leucyl-tyrosine  contained  traces  of  leucine  and  tyrosine.  The  presence  of 
the  latter  explains  the  formation  of  some  MIT  and  DIT,  as  shown  in  Figure  1. 

Xo  solvent  system  was  found  which  clearly  separated  Leu-MIT  from  Leu-DIT. 
Proof  of  the  presence  of  each  was  sought  by  hydrolysis  and  chromatography  of  eluates 
from  various  segments  of  preparative  chromatograms  in  the  zone  corresponding  to 
iodinated  LT.  Crude  pancreatin  (5  mg.)  suspended  in  bicarbonate  buffer  at  i)H  8.3  was 
used  to  hydrolyze  the  eluates.  Following  hydrolysis  of  the  labeled  iodinated  LT,  labeled 
MIT,  DIT,  or  a  mixture  of  MIT  and  DIT  was  obtained  (Fig.  2). 

If  the  eluate  was  from  the  proximal  segment  of  the  I'®‘-LT  zone,  hydrolysis  x’ielded 
primarily  labeled  MIT,  and  if  from  the  distal  zone,  labeled  DIT  was  obtained  (Fig.  3). 

Iodinated  glycyl-tyrosine  overlaps  MIT  in  one-dimensional  chromatographj-  in  the 
usual  systems.  Descending  chromatography,  using  pyridine-butanol-acetic  acid  system, 
gives  a  satisfactory  separation  from  MIT.  However,  in  these  conditions,  the  iodide 
spot  overlaps  MIT  and  DIT.  For  this  reason,  separation  and  routine  studies  of  this 

*  .Vbbreviations:  LT:  L-leucyl-L-tyrosine ;  P®'-LT:  I*®'-labeled  LT;  Leu-MIT  or 
Leu-DIT:  leucyl-L-mono-  or  diiodotyrosine;  GT:  glycyl-L-tyro.sine;  G-MIT  or  G-DIT: 
gl}’cyl-L-mono-  or  diiodotyrosine;  MIT:  monoiodotyrosine;  DIT:  diiodotyrosine;  I~: 
iodide;  B.V:  n-butanol-glacial  acetic  acid-water  solvent  for  chromatography;  Tris:  tris 
hvdroxvmethvi  aminomethane. 
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Iodide  MIT 

I _ I _ I _ I _ 1_ _ I 

4  12  20  28  36  44  CM.  FROM 

ORIGIN 

Eig.  2.  Action  of  crude  pancrcatin  on 
an  cluatc  of  (hutanol-acctic  acid 

solvent).  Above:  Before  hydrolysis.  Be¬ 
low:  .\fter  hyilrolysis. 

l)eptide  have  been  carried  out  in  two-dinu'nsional  chromatography,  using  the  butanol- 
acetic  acid  system  in  the  first  direction,  and  inridine-butanol-acetic  acid-water  in  the 
second. 

Tissue  Studies 

Sheep  liver  and  thyroids  collected  at  the  time  of  slaughter  were  brought  at  once  on 
ice  to  the  laboratory.  The  tissues  were  dissectc'd  free  from  neighboring  structure's,  i)rc- 
pared  and  fractionated  as  previously  described  (6).  Homogenization  was  carried  out  in 
all  glass  Potter-Elvehjem  homogt'iiizer  tubes  on  iee  in  0.38M  sucrose  solution  buffered  to 
pH  7.3  with  O.lX  Tris  and  containing  O.OOoM  MgC'U,  0.025M  KCl  ,and  0.28 .M  KHC’Os. 
Thyroid  tissues  were  treated  first  for  a  few  seconds  in  the  Servall  Omnimixer.  Initially 
the  homogenates  contained  300  mg.  whole  tissue  per  ml.  Tissue  particulate  fractions 
were  prepared  by  centrifuging  at  1 2,000  Xg  for  10  minutes  at  0°  C.  The  supernatant 
collected  from  this  first  centrifugation  was  then  spun  at  1 05,000 Xg  for  1  hour  in  the 
Spinco  Model  “L”  centrifuge.  The  term  “soluble  fraction”  was  applied  to  the  super¬ 
natant  solution  from  this  last  centrifugation.  The  microsomal  pellet  was  washed  with 
buffered  cold  sucrose  and  usually  resuspended  in  the  0.38M  sucrose  medium.  Separation 
between  the  “soluble  fraction”  and  the  microsomal  pellet  was  carried  out  as  carefully  as 
possible.  The  incubation  mixture  usually  contained  0.5-1  ml.  of  tissue  particulate  frac¬ 
tion,  10~’M  thiouracil,  I'’'-leucyl-tjTosine  (100,000-120,000  cpm  in  a  well-type  scin¬ 
tillation  counter  equipped  with  a  pulse-height  analj’zer)  or  I‘®'-glycyl-tyrosine  (20,000- 
40,000  cpm),  and  Tris  buffer  at  pH  7.4  for  a  total  volume  in  the  flask  of  4  ml.  The 
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CENTIMETERS  FROM  ORIGIN 

Fig.  3.  Chromatography  in  hutanol-acetic  acid  of  an  eluate  of  P**-LT.  Study  of  tlic 
jiartition  of  Lcu-MIT  and  Lcu-I)1T  in  the  I'^'-LT  zone.  The  indicated  zones  were 
eluted  from  the  chromatogram  and  rechromatographed  to  give  the  results  shown  in  the 
insert. 

incubation  time  was  30  minutes.  pH  values  in  the  flasks  were  frequently  measured.  The 
reaction  was  stopped  by  adding  an  e.\cess  of  MIT  and  I)1T,  and  heating  at  100°  C  for 
1  minute. 

.\n  aliquot  from  each  flask  (2,000-10,000  cpm)  was  applied  linearly  on  Whatman  Xo. 
3  paper  strips  3  cm.  wide  for  descending  chromatograph}-  in  the  studies  with  iodinated 
LT,  and  for  two-dimensional  chromatography  with  iodinated  GT.  In  the  latter  case, 
butanol  extraction  of  the  total  volume  of  each  flask  was  performed.  Phenolic  com- 
j)ounds  were  stained  with  diazotized  sulfanilic  acid,  and  the  iodide  with  palladium  chlo¬ 
ride.  The  zones  of  interest  were  measured  in  a  scintillation  counter  and  the  results  ex¬ 
pressed  in  per  cent  of  the  total  labeled  iodine  of  the  strip,  .\pproximately  10%  of  the 
labeled  iodine  was  found  elsewhere  than  in  the  iodide,  MIT,  DIT,  and  labeled  LT  zones. 

RESULTS 

In  these  studies  two  enzymatic  systems  have  to  be  considered.  The  first 
has  peptidase  activity  which  splits  the  iodinated  dipeptide  directly;  the 
second  is  a  deiodinating  system  which  acts  upon  MIT  and  DIT,  and  pos¬ 
sibly  also  directly  on  the  iodinated  peptide. 

Properties  of  peptidase  system 

Both  microsomes  and  soluble  fractions  of  thyroid  and  liver  homogenates 
show  peptidase  activity  toward  the  iodinated  L-leucyl-L-t\Tosine  (Table 
1).  Heating  for  one  minute  at  100°  C  completely  abolished  the  activity  of 
the  enzyme.  Peptidase  activity  was  not  abolished  by  versene  at  5X  10“*M. 
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Table  1.  Enzyme  activity  ok  ti.ssve  PARTicrLATE  kraotioxs 


Hydrolysis  of  Lou-MIT.  Activity  expressed  in  per  cent  of  the  total  labeled  iodine  of  the 
chromatogram. 


I- 

MIT 

DIT 

Leu-MIT 

Th  yroid 

5lierosomes 

12.2 

(51  .0 

7.0 

3.7 

Soluble  Fraction 

:«.!» 

.54.1 

2.0 

1  .2 

Microsomes  +Soluble  Fraction 

72.0 

10.4 

4.(5 

1  .0 

Control 

10.5 

2  2 

1  .5 

74.3 

Liver 

Microsomes 

0.7 

71  .7 

()  .7 

2.4 

Soluble  Fraction 

1 1  .0 

77.3 

1  .3 

1  .7 

Microsomes  +Soluble  Fraction 

17.3 

(52.2 

4.1 

3.0 

Control 

10.0 

3.0 

1  .2 

71  .4 

Tlie  addition  of  a  variety  of  metal  cations,  such  as  Mn++, 

Co++,  Ca++,  Cd++,  Cu++,  and  Zn++  in  their  cliloride  form  was  studied.  Hy¬ 
drolysis  of  the  peptides  hy  the  microsomes  was  inhibited  by  1()-®M  Hg++, 
but  hydrolysis  by  whole  homogenate  or  soluble  fraction  was  little  inhibited 
by  Hg++,  presumably  becau.se  of  preferential  binding  of  the  Hg^+  by 
groups  other  than  the  hydrolyzing  enzyme  (Table  2).  Cadmium  ion  also 
inhibited  hydrolysis  by  microsomes. 

The  peptidase  activity  of  thyroid  microsomes  diminished  with  decreas¬ 
ing  concentrations  of  tissue  (Fig.  4).  Addition  of  an  excess  of  LT  as  sul)- 
strate,  even  in  high  concentrations  (.50-l.o00  mS-  of  FT  per  flask)  failed  to 
inhibit  the  splitting  of  I‘®'-LT  (Fig.  4).  Human  .serum  had  a  high  peptidase 
activity;  the  rate  of  hydroly.sis  was  at  least  as  great  as  in  the  studies  with 
liver  aiifl  thyroid  homogenates. 

Typical  results  with  thyroid  and  liver  microsomes  or  soluble  fractions  on 
iodinated  glycyl-tyrosine  are  shown  in  Table  8.  They  are  quite  .similar  to 
those  described  for  I'®'-LT. 


Table  2.  Ekkect  ok  llg**^  ox  hydrolysis  and  deiodixatiox  ok 

lODI  X  ATE  1)  LE  l  l'YL-T  Y  H<  )SI  XE 

Activity  expr(‘s.>sed  in  per  cent  of  the  total  labeled  iodine  of  the  chromatogram  developed 
in  a  butanol-aeetie  acid-solvent  system.  Mg'^'*'  10’’  M.  In  Experiment  H  the  soluble  fraction 
was  diluted  1  to  5. 


I- 

MIT 

DIT 

1 131.  I/p 

Microsomes 

2.5 

52 . 7 

1(5.4 

2.5 .  (5 

Microsomes  -|-  Ilg*'*' 

2.1 

1  .3 

4.0 

00.0 

Control 

2.3 

1  .2 

1  .7 

02.0 

R.  Soluble  fraction 

10.3 

(5(5 . 4 

13.2 

2.0 

Soluble  fraction +  IIg^+ 

10.8 

.52.4 

12.8 

1 5 .  (5 

Control 

12.0 

14.4 

2.3 

(52 . 4 

C.  8,000 Xg  thyroid  suiiernatant 

20.3 

.54 . 7 

10.5 

1  .7 

8,000Xg  thyroid  supernatant  +llg^* 

7 . 7 

7(5. 1 

11  .8 

2.7 

C'ontrol 

8.2 

1  .(5 

1  .7 

84.2 
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Table  3.  Hydrolysis  and  deiodixatiox  of  iodixateu  glycyl-tyrosixe 

BY  TISSI  E  KRACTIOXS 

Activity  expressed  in  per  cent  of  the  total  labeled  iodine  of  the  chromatogram. 


I- 

-MIT 

HIT 

(i-MIT 

Thyroid 

NIicrosomes 

8.8 

84.6 

2.6 

4.1 

Microsomes  +  Soluble  Fraction 

34.0 

61  .3 

1.7 

3.0 

M  icrosomes  +  H  g'^'*' 

3.4 

45.8 

3.2 

47 .6 

.Microsomes -|-Solul)le  Fraction  +  IIg''‘''‘ 

3.3 

45.0 

2.4 

49.2 

('ontrol 

2.0 

3.2 

1 .0 

93.8 

Liver 

-Microsomes 

3.4 

93.6 

1 .5 

4.1 

Mi(  rosomes  -t-Soluhle  Fraction 

15.6 

81.7 

2.3 

0.4 

Microsomes  -|-  Hg*^ 

1  .8 

48.2 

0.6 

49.4 

Microsomes -t-Soluble  Fraction  +Hg'*"^ 

1  .7 

40.5 

1 .4 

56.3 

Control 

0.1 

2.2 

0.3 

96.4 

Properties  of  deiodinating  system 

As  shown  ill  Tallies  1,  2,  and  3,  thyroid  and  liver  microsomes  did  not  de- 
iodinate  iodinated  peptides.  There  was  a  moderate  amount  of  deiodination 
liy  the  soluble  fraction  alone.  Deiodination  proceeded  rapidly  when  using 
microsomes  and  soluble  fraction  from  thyroid  together.  There  was  mod¬ 
erate  deiodination  with  a  .similar  preparation  of  liver.  Deiodination  was 
inhibited  by  10~^M  Hg++  and  Cd++.  Xo  effect  of  other  metals  or  ver.sene 
was  ob.served.  Heating  for  1  minute  .stopped  the  reaction. 

COMMENTS 

The  feasibility  of  preparing  iodinated  derivatives  of  leucyl-tyrosine  and 
glycyl-tyrosine  has  been  demonstrated  by  these  studies. 


Fig.  4.  Hydrolysis  of  Leu-MITas  affected  hy  varying  amounts  of  enzyme,  .\bsci.ssa: 
Per  cent  of  substrate  P^'-labeled  Leu-MIT  hydrolyzed  to  MIT.  Ordinate:  Fraction  of 
the  pellet  of  microsomes  diluted  with  7  ml.  of  t).38M  sucrose. 
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lodination  of  lioth  dipeptides  is  easily  accomplished  under  the  condi¬ 
tions  of  preparation  descril)ed  al)ove,  but  the  yield  of  the  reaction  is  poor, 
particularly  for  I'^'-labeled  (IT.  The  length  of  time  of  incubation  of  the  di¬ 
peptide  with  the  iodine  does  not  affect  signihcantly  the  labeling  of  the  LT 
and  (iT,  but  this  did  increase  the  formation  of  AIIT  and  DIT  from  the 
small  amounts  of  free  tyrosine  contaminating  the  dipeptides.  The  io- 
dinated  peptides  are  stable  in  the  cold  and  to  short  periods  of  boiling. 
When  purihed  they  are  chromatographically  homogeneous. 

Peptidase  activity  which  splits  iodinated  LT  and  GT  is  found  both  in 
the  microsomes  and  in  the  soluble  fraction  of  liver  and  thyroid.  When  the 
incubating  system  contains  both  microsomes  and  soluble  fraction,  MIT 
(or  DIT)  which  is  formed  is  rapidly  deiodinated.  This  explains  the  lower 
value  of  MIT  (or  DIT),  compared  with  tho.se  obtained  with  the  micro¬ 
somes  of  the  soluble  fraction  alone.  The  peptida.se  system  is  thermolabile. 
Versene  is  ineffective  in  blocking  the  reaction.  As  shown  in  Tables  2  and 
3,  Ilg  strongly  inhibits  the  hydrolysis  of  the  I'^'-LT  and  GT  by  the  micro¬ 
somes.  An  exce.ss  of  each  uniodinated  dipeptide  failed  to  inhibit  hydrolysis 
of  the  iodinated  compound,  even  at  high  concentrations. 

An  inhibitor  of  the  peptidase  system,  not  acting  on  the  deiodinase,  has 
been  sought  unsuccessfully.  For  this  reason,  it  has  not  been  ascertained 
whether  the  deiodinating  .system  is  acting  prior  to  hydrolysis. 

Laver  and  Trikojus  (7)  found  an  intracellular  peptida.se  in  hog  thyroids, 
located  both  in  the  microsomes  and  in  the  microsomal  .supernatant.  Hy- 
droly.sis  of  uniodinated  peptides,  as  leucyl-tyrosine  and  glycyl-tyrosine,  by 
purified  thyroid  protease  were  unsucce.ssful  (S). 
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THE  PHYSIOLOGICAL  DISPOSITION  IN  THE  RAT  OF  THE 
AC’ETIC  AND  PROPIONIC  A(TD  ANALOGUES  OF 
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W.  B.  HATFIELD,  F.  F.  DAVIDOFF, 

J.  E.  BOSS  AND  I).  F.  TAPLEV 
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ABSTRACT 

The  distribution  and  cxcrotion  in  the  rat  of  tetraiodothyroacetic  acid  and 
totraiodothvropropionie  acid  were  coniinircd  with  that  of  L-tliyroxine;  in  addi¬ 
tion,  the  distribution  and  excretion  of  3.o.3'-triiodothyroacctic  acid  and 
3,5,3'-triiodotliyropropionic  acid  were  comjjared  witli  that  of  3,5,3'L-triiodo- 
thyronine.  Tiiyroxine  and  triiodothyronine  disappeared  from  tlie  blood  more 
rapidlj’  and  were  concentrated  in  tlie  peripheral  tissues  to  a  greater  extent  than 
were  their  respective  acetic-  and  propionic-acid  analogues.  The  ratio  of  con¬ 
centration  in  tissue  to  the  concentration  in  plasma  was  lower  with  these  ana¬ 
logues  than  with  the  parent  compounds  in  all  tissues  examined  and  at  all  time 
intervals  studied.  The  dififenmees  observed  wen*  of  such  magnitude  as  to  sug¬ 
gest  a  possible  basis  for  the  dinunished  i)hysiological  i)otency  of  the  acetic  and 
j)ropionic  acid  analogues  in  the  rat. 

IT  HAS  been  demonstrated  repeatedly  tliat  relatively  minor  changes  in 
the  structure  of  the  thyroxine  molecule  result  in  a  profound  alteration 
in  physiological  activity  in  vivo  (1).  Thus,  3,o,8'-L-triiodothyronine  (tri¬ 
iodothyronine)  is  more  effective  than  L-thyroxine  (thyroxine)  by  most  in 
vivo  assays,  whereas  analogues  with  a  modified  side  chain  (e.g.,  D-thyroxine, 
the  acetic  and  propionic  acid  analogues)  are  le.ss  potent  (cf.  1).  In  contrast 
with  the.se  findings  in  vivo,  in  most  in  vitro  test  systems  the.se  analogues 
have  a  potency  approximately  equal  to  that  of  thyroxine;  for  example,  they 
are  ecjually  effective  in  “uncoupling”  oxidative  phosphorylation  and  in 
altering  the  morphology  of  mitochondria  (2,  3,  4). 

It  appears  po.ssible  that  the  disparity  between  the  in  vitro  and  in  vivo 
findings  may  be  explained  by  the  fact  that  the.se  various  analogues  are 
distributed  to  the  tissues  in  vivo  in  quite  different  concentrations  (5-7). 
It  has  been  shown  previously  that  triiodothyronine  leaves  the  intravascu¬ 
lar  compartment  very  rapidly  and  reaches  concentrations  relatively  higher 
than  tliose  of  L-thyroxine  in  the  peripheral  tissues  (cf.  5,  7)  and  it  seems  rea¬ 
sonable  to  speculate  that  the  greater  potency  of  triiodothyronine  in  vivo 
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may  be  due  to  its  jj;reater  concentration  in  these  tissues.  Likewise  it  has 
been  demon.st rated  that  there  is  a  marked  difference  in  tlie  physiological 
disposition  of  labeled  d-  and  L-thyroxine  ((>).  Thus,  the  concentration  of 
L-thyroxine  in  rat  muscle  is  as  much  as  six  times  greater  than  that  of  n- 
thj’ioxine;  in  the  brain  the  difference  is  as  great  as  14-fold.  In  view  of  these 
major  changes  in  distribution  resulting  from  an  alteration  in  the  position 
of  the  amino  group  relative  to  the  beta  carbon  of  the  side  chain,  the  present 
study  was  undertaken  to  determine  the  effect  of  removing  this  group  from 
the  side  chain,  utilizing  as  examples  of  this  the  acetic  and  propionic  acid 
analogues  of  thyroxine  and  of  triiodothyronine. 

MATERIALS  AM)  METHODS 

Male  rats  of  tlic  Wistar  strain  wciKhinf;  between  100  and  200  were  used  for  all 
experiments;  they  were  allowed  Purina  diet  and  tap  water  ad  libitum,  i.-tliyroxine, 
tetraiodothyroaeetie  aeid  (Tetrac),  tetraiodothyroprojiionie  aeid  (Tetraiiroj))  labehal 
in  the  3', o'  position  with  P’*,  and  3,.o,3'-L-triiodothyronine,  3,r),3'-triiodothyroaeetie 
aei<l  (Triae)  and  3,.5,3'-triiodothyropro])ionie  aeid  ('rrii)rop)  labeded  in  the  3'  position 
with  I'^‘  were  obtainefl  from  Abbott  Laboratories.  Oak  Rid{^e,  Tenne.ssee.  Hy  pajaw 
ehromatograjdiy  (0)  they  contained  lo%,  23%,  22%,  15%,  23%  and  10%  free  iodide, 
respectively. 

Uinh'r  ether  anesthesia,  0.41  n\'.  L-thyroxim*  (sja'clfic  activity  10-29  me. /mg.), 
0.3  /tig.  Tetrac  (sjawific  activity  30  me. /mg.),  0.3S  /ug.  Tetraproj)  (sja-cific  activity  14 
me.  mg.),  0.2-0. 4  /ig.  triiodothyroidne  (specific  activity  55  me. /mg.),  0.22  Triac 
(specific  activity  35  me.  mg.)  or  0.4  /tig.  Trii)rop  (specific  activity  10  me. /mg.)  in  less 
than  0.5  ml.  of  normal  saline  was  injected  into  the  tail  vein.  Oroups  of  5  to  10  animals 
were  used  for  each  time  interval;  all  animals  in  any  one  group  were  inj<‘ete<l  with  an 
identical  (juantity  of  labelled  hormone.  At  the  appropriate  time  following  injeetion, 
the  animals  were  sacrificed  ami  the  tissues,  urine  and  feces  were  collected,  prepared 
and  counted  as  described  elsewhere  (0).  Results  were  calculated  as: 

1)  Percentage  of  the  total  injected  radioactivity  in  each  tissue. 

2)  Percentage  of  the  total  injected  radioactivity  i)er  gm.  of  each  tissue. 

Concentration  (%  total  radioactivity/gm.)  in  tissue 
C^)ncentration  (%  total  radioactivity/inl.)  in  plasma 

•Vt  selected  times,  butanol-extractable  radioactivity  was  determined  in  sev('ral  tis¬ 
sues  essentially  as  by  Van  .\rsdel  tt  nl.  (5).  Liver,  kidiu'V  and  sktdetal  muscle  were  ex¬ 
tracted  in  the  following  manner;  A  sainjile  of  each  tissue  was  honiogenizt'd  in  a  small 
quantity  of  di.stilled  water,  an  amount  of  30%  trichloracetic  acid  (TC'.\)  ecpial  to  one- 
half  the  homogenate  volume  was  added  immediately  and  the  nuxture  again  homoge¬ 
nized.  .\fter  an  aliquot  of  the  TC.\  homogenate  was  taken  for  counting,  the  rest  was 
centrifuged,  washed  with  5%  TC.V  and  an  aliquot  of  the  pooled  supernatant  counted. 
The  preci|)itato  was  extracted  three  times  with  X-butanol  and  an  aliquot  of  the  pooled 
extract  counted.  Feces  were  extracted  in  the  same  way  as  tissues;  blood  was  placed 
directly  into  10%  TC'.V  without  preliminary  homogenization,  and  urine  was  extracted 
after  addition  of  crystalline  serum  albumin  follow(>d  by  TCA  precijiitation.  Correction 
factors  for  incomi)lete  recovery  were  obtaint'd  by  extracting  tissues,  feces  and  urine  to 
which  a  known  amount  of  hormone  had  been  added  in  vitro.  After  correction  for  in¬ 
complete  H'covery  (in  no  tissue  except  muscle  did  tin*  lo.ss  exceed  10%)  the  percentage 
of  activity  present  in  the  butanol  (‘xtracts  was  considered  rej)resentative  of  the  jn-r- 
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pontiigo  of  hormone  j)resi*nt  in  the  original  tissue  (5).  The  extraetions  witli  nuisele  were 
unsatisfaetory  for  three  reasons:  first,  homogenization  was  diffieult  and  |)rohahly  less 
eomj)lete  than  with  the  other  tissues;  seeond,  the  supernatant  following  the  addition  of 
TCA  was  slightly  eloudy;  and  third,  eounts  in  the  extraets  were  never  more  than  two 
to  three  times  haekground. 

In  experiments  designed  to  establish  the  identity  of  the  butanol  extraetable  radio- 
aetive  material  jiresent  in  tin*  tissues,  animals  were  saerifieed  at  1  and  3  hours  following 
the  intravenous  injeetion  of  labelled  eomi)ound.  Alicpiots  of  bloo<l,  livcT,  kidney  and 
musele  were  homogenized  in  3  ml.  of  water,  extraeted  first  with  10  volumes  of  3% 
XH4OH  in  butanol  and  then  with  three  volumes  of  butanol.  Following  extraetion  with 
an  ecpial  volume  of  water,  the  butanol  was  eoneentrat(‘d  under  redue('d  pressure  to  a 
volume  of  less  than  1  ml.  This  material  was  then  ehromatograi)hed  both  in  tertiary 
amyl  aleohol  saturated  with  2N  XHjOH  and  in  butanol-aeetie  aeid-water  solvent.  The 
(quantity  of  radioaetivity  injeeted  was  sueh  that  adequate  ehromatography  eould  not 
b(*  performed  with  tissues  obtained  later  than  3  hours  after  injeetion.  All  eounts  were 
eorreeted  for  deeay  of  radioaetivity  when  approi)riate. 

RESULTS 

The  relative  distributions  of  triiodothyronine  and  thyroxine.—  U  has  been 
reported  previously  that  tlie  distribution  of  triiodothyronine  in  tlie  intact 
rat  is  quite  difTerent  from  that  of  thyroxine  (0,  7).  The  findings  in  the  pres¬ 
ent  inve.stigation  confirm  the  earlier  observations.  Following  intravenous 
injection,  triiodothyronine  left  the  intravascular  compartment  more  rap¬ 
idly  than  did  thyroxine  and  was  concentrated  to  a  greater  extent  in  .such 
tissues  as  skeletal  mu.scle,  heart,  brain,  spleen,  and  the  gastrointestinal 
tract.  Triiodothyronine  was  also  excreted  more  rapidly  than  was  thyrox¬ 
ine;  approximately  50%  of  the  radioactivity  was  excreted  within  IS  hours 
following  the  injection  of  labeled  triiodothyronine,  and  within  42  hours 
following  the  injection  of  labeled  thyroxine. 

For  the  purpose  of  clarity  the  data  related  to  thyroxine  analogues  and 
those  related  to  triiodothyronine  analogues  are  presented  separately  in  the 
following  sections. 

Distribution  of  thyroxine  analogues  in  various  whole  tissues. — After  one 
hour  the  total  recovery  of  injected  radioactivity  was  90%  with  thyroxine, 
77%  with  tetrac  and  81%  with  tetraprop  (Figs.  1  and  2).  Approximately 
80%  of  the  radioactivity  recovered  at  one  hour  was  found  in  blood,  liver, 
kidney,  muscle  and  skin  with  all  three  compounds.  More  tetrac  and  tetra¬ 
prop  than  thyroxine  were  still  pre.sent  in  the  intravascular  compartment,  as 
.seen  in  Figure  1.  On  the  other  hand,  less  Tetrac  and  Tetraprop  than  thy¬ 
roxine  were  present  in  liver,  kidney,  skeletal  muscle,  skin,  fat,  brain,  spleen, 
adrenal,  intestine,  lung  and  bone.  The  distribution  of  the  three  compounds 
in  blood,  liver,  kidney,  skeletal  mu.scle,  heart,  brain  and  skin  was  deter¬ 
mined  at  various  intervals  up  to  72  hours  after  injection;  the  results  are 
presented  in  Figure  8.  Radioactivity  disappeared  less  rapidly  from  blood 
and  plasma  following  injection  of  the  two  analogues  than  it  did  following 
the  injection  of  thyroxine;  the  differences  were  highly  significant  (P 
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Fig.  1.  PeroentaKe  of  injected  radioaetivity  in  varion.s  wliole  tis.‘;u(‘s  one  liour  fol¬ 
lowing  the  injection  of  thyroxine,  Tetrac  or  Tetrajiroj).  (Statistical  sisnificanee  of  tlie 
differences  is  indicated  by  the  values  for  P  obtained  by  usinfi;  Student’s  t  test.) 


<0.001)  at  all  time  intervals  except  one  hour.  In  contra.st,  the  (luantity 
of  Tetrac  and  Tetraprop  in  the  liver  and  kidney  wa.s  sifj;nificantly  le.ss  (P 
<0.001)  than  that  of  thyroxine  for  18  hours  after  injection.  The  most  strik- 
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Fig.  2.  Percentage  of  injected  radioactivity  in  various  whole  tissues  one  hour 
following  the  injection  of  thyroxine,  Tetrac  or  Tetraprop. 
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TIME  IN  HOURS  AFTER  INJECTION 

Fig.  3.  I’orccntago  of  initial  doso  in  various  whole  tissues  as  a  function  of  time. 


ing  difference  occurred  in  the  brain,  where  the  amount  of  tliyroxine  was 
.six  time.s  greater  than  that  of  the  two  analogue.s.  Difference.s  observed  in 
muscle  and  skin  were  slight,  and  in  no  ca.se  were  they  highly  significant. 
The  (luantity  of  Tetrac  and  of  Tetraprop  in  heart  muscle  was  significantly 
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greater  than  that  of  thyroxine  at  all  time  intervals  except  12  and  IS  hours. 
At  no  time  interval  and  in  none  of  the  tissues  were  the  ditferences  between 
Tetrac  and  Tetraprop  statistically  significant. 

('oncentration  of  thyroxine  nnalogues  in  various  (issues. — The  percentage 
of  the  total  radioactivity  per  gm.  of  each  tissue  one  hour  following  injec¬ 
tion  is  shown  in  Figure  4.  With  all  three  compounds  the  tissues  with  the 
greatest  uptake  per  unit  weight  were  liver,  kidney,  lung  and  pituitary:  in 
liver  and  kidney  the  concentration  of  the  two  analogues  was  significantly 
less  than  that  of  thyroxine.  The  actual  concentration  of  radioactivity  in 
muscle  and  skin  was  low,  although  each  of  these  tissues  accounted  for  a 
large  proportion  of  the  total  radioactivity  because  of  its  relatively  great 
mass. 

The  percentage  of  the  injected  radioactivity  per  gm.  (or  ml.)  of  blood, 
plasma,  liver,  kidney,  heart,  skeletal  muscle,  brain  and  skin  at  various 
times  following  injection  is  presented  in  Figure  o.  The  concentration  of  the 
two  analogues  was  significantly  greater  (P<().()01)  than  that  of  thyroxine 
in  blood  and  plasma  at  all  time  intervals  after  one  hour.  On  the  other  hand, 
the  concentration  of  the  two  analogues  was  significantly  less  (F<().()1) 


Fig.  4.  Porcontago  of  injocted  radioactivity  per  gm.  of  each 
tissue  one  hour  following  injection. 
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TIME  IN  HOURS  AFTER  INJECTION 

Fig.  5.  Pcrci'iitaKo  of  injected  radioactivity  per  gm.  of  various 
tissues  as  a  function  of  time. 

than  that  of  tliyroxine  in  both  li^'er  and  kidney  except  at  0  and  72  hours. 
The  greatest  ditference  noted  was  in  tlie  brain,  where  the  concentration 
of  tliyroxine  was  as  much  as  five  times  that  of  Tetrac  and  Tetraprop.  The 
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concentration  of  thyroxine  in  heart  muscle  tended  to  he  less  than  that  of 
the  analogues,  hut  only  at  R  and  0  hours  was  the  difference  highly  signifi¬ 
cant  (P  <0.001).  The  concentration  of  all  three  compounds  in  muscle  and 
skin  was  approximately  the  same  at  all  time  intervals.  Thus  it  is  apparent 
that  Tetrac  and  Tetraprop  were  removed  more  slowly  than  thyroxine  from 
the  intravascular  compartment  following  intravenous  injection,  and  that 
heart  muscle  was  the  only  tis.sue  in  which  they  reached  a  higher  concentra¬ 
tion  than  did  thyroxine. 

Tissue  plasma  ratios  with  thyroxine  analogues.-  U  one  considers  only 
the  absolute  concentration  of  the  compounds  in  the  various  ti.ssues,  as 
presented  in  Figures  4  and  o,  no  consistent  difference  is  apparent  between 
thyroxine  and  the  two  analogues.  The  relative  concentration  of  thyroxine 
was  greater  in  liver,  kidney  and  brain,  less  in  heart,  and  approximately  the 
same  in  muscle  and  skin.  However,  the  ratio 

%  of  total  radioactivity  gm.  tissue 
%  of  total  radioactivity  ml.  pla.sma 

more  accurately  represents  the  affinity  of  the  various  tissues  for  the  circu¬ 
lating  compounds.  Tissue  plasma  ratios  at  each  time  interval  for  liver, 
kidney,  muscle,  heart,  skin  and  brain  are  plotted  in  Figure  0.  It  may  be 
seen  that  the  tissue  plasma  ratios  at  all  time  intervals  and  in  all  tissues 
were  greater  with  thyroxine  than  with  either  Tetrac  or  Tetraprop.  From 
the  data  presented  in  Figure  4  it  may  be  calculated  that  the  tissue  plasma 
ratios  in  all  other  tissues  examined  at  one  hour  were  likewise  greater  with 
thyroxine  than  with  the  two  analogues. 

Excretion  of  radioactivity  in  urine  and  feces  (thyroxine  analogues). — The 
total  excretion  of  radioactivity  72  hours  following  the  injection  of  all  three 
compounds  fell  within  the  range  of  (iO  to  70%.  In  each  case  approximately 
one-half  of  this  excreted  radioactivity  was  in  the  urine  and  one-half  in  the 
feces.  In  the  urine,  most  of  this  radioactivity  (91%,  99%  and  98%  with 
thyroxine,  tetraprop  and  tetrac  respectively)  was  in  the  form  of  iodide.  In 
the  feces  the  rev'erse  was  true;  approximately  10%  of  the  radioactivity 
was  iodide  with  all  three  compounds;  the  remainder  was  butanol-extract- 
able  and  thus  presumably  hormonal. 

Distribution  of  triiodothyronine  analogues  in  various  whole  tissues. — The 
total  recovery  of  radioactivity  one  hour  following  injection  (Figs.  7  and  8) 
was  92%  with  L-triiodothyronine,  84%  with  Triac  and  82%  with  Triprop. 
Of  the  injected  radioactivity  recovered  at  one  hour,  that  in  blood,  liver, 
kidney,  muscle  and  skin  represented  approximately  70%  of  the  total  with 
triiodothyronine  and  00%  with  both  Triac  and  Triprop.  The  total  (pian- 
tity  of  radioactivity  in  the  blood  was  greater  with  the  two  analogues  than 
with  triiodothyronine;  on  t!ie  other  hand,  in  liver,  kidney,  skeletal  muscle, 
heart,  brain  and  spleen  the  total  quantity  of  the  two  analogues  was  less 
than  that  of  tiiodothyronine. 
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Fig.  7.  Porc'cntaj^p  of  injected  nidioaetivity  in  various  whole  tissues  one  liour  follow¬ 
ing  the  injection  of  triiodothyronine,  Triae  or  'rrijirop.  (Statistical  significance  of  the 
differences  is  indicated  by  the  value  for  P  obtained  by  using  Student’s  t  test.) 
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Fig.  8.  Percentage  of  injected  radioactivity  in  various  whole  tissues  one  hour 
following  the  injection  of  triiodothj  ronine,  Triac  or  Triprop. 
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Fig.  9.  IVrcoiitage  of  initial  dose  in  various  whole  tissues  as  a  funetion  of  time 
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The  distribution  of  the  three  compounds  in  blood,  plasma,  liver,  kidney, 
skeletal  muscle,  heart,  l)rain  and  skin  was  determined  at  various  intervals 
up  to  72  hours  following  injection.  As  can  be  seen  in  Figure  9,  radioactiv¬ 
ity  disappeared  less  rapidly  from  blood  and  plasma  following  injection  of 
the  two  analogues  than  following  the  injection  of  triiodothyronine;  the 
amount  of  Triac  and  Triprop  still  in  the  blood  was  significantly  greater 
(P  <0.001)  for  the  first  six  hours.  By  contrast,  the  (piantity  of  Triac  and 
Triprop  in  liver,  kidney,  brain,  muscle  and  heart  was  significantly  less 
(P  <0.001)  than  that  of  triiodothyronine  up  to  12  hours  after  injection.  It 
is  apparent  from  Figure  9  that  the  most  strikiiig  difference  between  tri¬ 
iodothyronine  and  the  two  analogues  occurred  in  the  brain.  In  muscle  the 
differences  were  such  that  at  12  hours  there  was  approximately  4  to  o  times 
more  triiodothyronine  than  Triac  or  Triprop.  The  differences  observed  in 
skin  were  not  significant.  At  no  time  interval  and  in  none  of  the  tissues 
were  the  differences  between  triac  and  triprop  statistically  .significant. 

The  concentration  of  triiodothijroninc  analogues  in  various  tissues. — The 
percentage  of  the  total  radioactivity  per  gm.  of  each  ti.ssue  one  hour  fol¬ 
lowing  injection  is  shown  in  Figure  10.  The  concentration  of  Triac  and 
Triprop  was  .significantly  le.ss  than  that  of  triiodothyronine  in  all  ti.ssues 
examined  except  stomach,  duodenum,  ileum,  testes,  fat  and  skin;  con- 
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Fig.  10.  Poroentagi'  of  injected  radioactivitj-  per  gm.  of  each 
tissue  one  hour  following  injection. 
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versely,  tlie  concentration  of  Triac  and  Triprop  in  the  hlood  was  signifi¬ 
cantly  greater  tlian  that  of  triiodothyronine. 

The  percentage  of  the  injected  radioactivity  per  gm.  (or  ml.)  of  hlood, 
plasma,  liver,  kidney,  heart,  skeletal  muscle,  brain  and  skin  at  various 
times  following  injection  is  presented  in  Figure  11.  The  concentration  of 
the  two  analogues  was  significantly  greater  (P  <0.001)  than  that  of  tri¬ 
iodothyronine  in  blood  and  plasma  for  the  first  six  hours.  On  the  other 
hand,  the  concentration  of  the  two  analogues  was  .significantly  less 
(P  <0.001)  than  that  of  triiodothyronine  for  the  first  12  hours  in  liver, 
kidney,  brain,  skeletal  muscle  and  heart.  The  greatest  differences  were 
observed  in  brain,  muscle  and  heart;  the  differences  in  skin  were  not  sig¬ 
nificant  at  any  time  interval.  Thus,  following  intravenous  injection,  Triac 
and  Triprop  were  removed  more  slowly  than  triiodothyronine  from  the 
intravascular  compartment  and  picked  up  to  a  le.sser  extent  by  the  periph¬ 
eral  tissues. 


Tissue  plasma  ratios  with  triiodothyronine  analogues. — Ti.ssue,  plasma 
ratios  at  each  time  interval  for  liver,  kidney,  mu.scle,  heart,  skin  and  brain 
are  plotted  in  Figure  12.  It  is  apparent  that  the  tissue  plasma  ratios  at 
each  time  interval  and  in  all  ti.ssues  were  greater  with  triiodothyronine 
than  with  either  Triac  or  Triprop.  From  the  data  presented  in  Figure  10, 
it  may  be  calculated  that  the  tissue  plasma  ratios  with  all  the  other  ti.s¬ 
sues  examined  at  one  hour  were  likewi.se  greater  with  triiodothyronine 
than  with  either  Triac  or  Triprop. 

Exeretion  of  radioaetivily  in  urine  and  feces  (triiodothyronine  analogues).— 
Total  excretion  of  radioactivity  72  hours  following  the  injection  was  SO  to 
00  %  with  all  three  compounds.  In  each  case  roughly  one-half  of  the  ex¬ 
creted  radioactivity  was  in  the  urine  and  one-half  in  the  feces.  With  all 
three  compounds  approximately  0S%  of  the  radioactivity  in  the  urine  was 
in  the  form  of  iodide.  In  the  feces  the  reverse  was  true;  SO  to  00%  of  the 
radioactivity  was  butanol-extractable  and  thus  presumably  hormonal. 

Identification  of  radioactivity  in  tissues  (thyroxine  and  triiodothyronine 
analogues).— Mut-duol  extractable  radioactivity  of  TCA-precipitates  (i.e., 
radioactivity  not  in  the  form  of  free  iodide)  was  determined  in  blood,  liver, 
kidney  and  muscle,  one  and  three  hours  following  injection.  With  thyroxine 
approximately  00%  of  the  radioactivity  in  blood  was  butanol-extractable; 
with  I'etrac  and  Tetraprop  0S%  and  07%,  respectively,  were  in  this  form. 
In  liver  and  kidney,  the  percentage  of  butanol-extractable  radioactivity 
was  approximately  the  same  (00  to  05%)  with  all  three  compounds.  Follow¬ 
ing  injection  of  triiodothyronine,  approximately  05%  of  the  radioactivity 
in  the  blood  was  butanol-extractable;  with  both  Triac  and  Triprop  55  to 
00%  \>as  butanol-extractable.  In  both  liver  and  kidney,  the  butanol-ex¬ 
tractable  radioactivity  with  triiodothyronine  amounted  to  S5  to  00%  of  the 
total,  with  Triac  05  to  70%  and  with  Triprop  50  to  55%.  For  many  reasons 
(0)  the  extractions  with  mu.scle  were  unsatisfactory  and  the  data  are  con¬ 
sidered  unsuitable  for  presentation. 
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In  separate  experiments,  direct  butanol  extracts  of  blood,  liver,  kidney 
and  skeletal  muscle  (tissues  obtained  both  one  and  three  hours  following 
injection)  were  concentrated  to  a  volume  of  less  than  1  ml.  and  the  ma¬ 
terials  chromatographed  in  both  tertiary  amyl  alcohol  saturated  with 
ammonia  and  in  butanol-acetic  acid-water  solvent.  With  all  six  compounds 
and  in  both  solvent  systems  all  the  radioactivity  had  an  Hf  similar  either 
to  that  of  the  injected  compound  or  to  iodide.  However,  the  (plant it y  of 
radioactivity  recovered  in  these  extractions  was  so  low  that  any  degrada¬ 
tion  product  would  have  had  to  contain  5  to  10%  of  the  butanol-extrac¬ 
table  radioactivity  to  be  detectable. 

DISCUSSION' 

The  distribution  of  L-thyroxine,  L-triiodothyronine  and  of  Triac  re¬ 
ported  in  this  study  is  .similar  to  that  observed  by  others  {o,  7);  the  distri¬ 
bution  of  Tetrac,  Tetraprop  and  Triprop  has  not  been  studied  previously. 
Although  the  (piantity  of  labeled  hormone  injected  in  this  investigation 
repre.sented  less  than  20%  of  the  estimated  daily  output  of  thyroxine  from 
the  normal  rat  thyroid  (K),  it  was  undoubtedly  considerably  in  excess  of 
tlie  (piantity  of  the  other  injected  compounds  pivsent  in  tlie  normal  rat. 
Furthermore,  there  is  no  evidence  that  Tetrac,  Triac,  Tetraprop  or  Tri¬ 
prop  are  .secreted  by  the  thyroid  and  distributed  to  the  ti.ssues  via  the  cir¬ 
culation.  Under  normal  conditions  the  small  amounts  of  these  compounds 
which  are  present  are  presumably  produced  in  the  peripheral  tis.sues  ({)). 
These  studies  should  not  be  interpreted,  therefore,  as  bearing  any  relation¬ 
ship  to  the  usual  physiological  disposition  of  these  compounds  as  they  are 
formed  in  the  peripheral  ti.ssues.  Since  the  thyroids  were  not  remov'ed  from 
these  animals,  some  of  the  radioactivity  pre.sent  at  the  later  time  intervals 
must  have  been  in  the  form  of  newly  .synthesized  thyroxine.  Unfortunately 
the  (piantity  of  radioactivity  which  could  be  recovered  at  intervals  later 
than  8  hours  was  not  sufficient  to  allow  for  chromatographic  identification. 
At  8  hours  only  the  injected  compound  could  be  identified  in  the  tissues. 

It  is  difficult  to  judge  accurately  from  the  literature  the  relative  potency 
of  these  compounds.  In  general,  it  appears  that  both  Tetrac  and  Tetraprop 
are  le.ss  active  in  nivo  than  is  thyroxine,  but  considerable  variation  has  been 
observed  by  different  inve.stigators  and  with  different  assay  procedures. 
I'iarly  work  suggested  that  Tetrac  was  active  in  vitro  and  in  vivo  immedi¬ 
ately  (10-14),  but  this  has  not  been  confirmed  (15-lS).  In  the  rat  Tetrac 
has  been  found  to  have  2  to  o7%  of  thyroxine  activity  by  goiter-prevention 
a.ssay  (11,  IS),  11%  by  calorigenic  a.ssay  (IS),  70  to  75%  by  in  vitro  assay  of 
tis.sue  oxygen  consumption  following  injection  into  the  whole  animal  (10). 
Tetraprop  has  been  found  to  have  14  to  75%  of  thyroxine  activity  by 
goiter-prevention  a.ssay  (IS,  20-22),  7  to  10%  by  calorigenic  assay  (IS,  20, 
“1)>  75%  by  in  vitro  assay  of  tissue  oxygen  consumption  following  injection 
into  the  whole  animal  (17,  28)  and  60%  by  assay  of  the  suppression  of 
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uptake  by  the  thyroid  (19).  In  marked  contrast  to  these  findings  in  mam¬ 
malian  assays,  tlie  effect  of  d^etraprop  on  tadpole  metamorphosis  is  21  to 
().5  times  that  of  thyroxine  (21,  24,  25).  Certainly  there  is  general  agreement 
that  triiodothyronine  exerts  its  metabolic  effect  more  rapidly  than  does 
thyroxine  (1).  There  is  almost  general  agreement  that  Triac  and  Triprop 
are  less  effective  than  triiodothyronine  and  probably  le.ss  effective  than 
thyroxine.  In  the  rat,  Triac  has  been  found  to  have  50  to  75%  of  thyroxine 
activity  by  goiter-prevention  assay  (11,  IS),  20  to  75%  by  calorigenic  assay 
(11,  IS)  and  75%  by  assay  of  the  suppression  of  I'^'  uptake  by  the  thyroid 
(19).  Triprop  has  been  found  to  have  30  to  75%  of  thyroxine  activity  by 
goiter-prevention  assay  (IS,  20,  21),  10  to  15%  by  calorigenic  assay  (IS,  21) 
and  00%  by  assay  of  the  suppression  of  I'*'  uptake  by  the  thyroid  (19).  The 
present  study,  showing  that  thyroxine  and  triiodothyronine  leave  the 
intravascular  compartment  and  enter  the  tissues  more  readily  than  their 
respective  acetic  and  propionic  acid  analogues,  suggests  a  possible  explana¬ 
tion  for  the  lesser  potency  of  the  analogues  in  vivo  in  the  rat.  It  may  be 
noted  that  there  was  no  unusual  distribution  of  the  acetic  acid  analogues 
which  might  be  expected  if  the  time  of  onset  of  action  of  these  compounds 
were  indeed  immediate  (10  14).  However,  it  should  be  emphasized  that 
the  differences  in  distribution  noted  in  this  study  may  not  occur  in  other 
species. 

These  differences  in  distribution  appear  to  be  dependent  upon  a  different 
capacity  of  the  tissues  to  bind  the  various  compounds.  As  indicated  by  the 
tissue  plasma  ratios,  the  affinity  of  the  tissues  for  the  acetic  and  propionic 
acid  analogues  is  less  than  that  for  their  parent  compounds.  In  vitro  studies 
(unpublished  data)  indicate  that  the  uptake  of  these  compounds  by  various 
tissues  (liver,  kidney,  skeletal  muscle,  heart,  spleen,  brain,  stomach,  colon, 
lung  and  fat)  is  not  an  active  one  (i.e.,  it  is  not  dependent  upon  oxidative 
processes)  but  is  apparently  caused  by  binding.  In  a  medium  containing  no 
protein,  thyroxine,  Tetrac,  Tetraprop,  Triac  and  Triprop  are  bound  to  all 
of  the  above  tissues  to  approximately  the  same  extent;  triiodothyronine  is 
bound  to  a  slightly  greater  extent.  The  situation  in  vivo  is  obviously  more 
complex.  It  must  depend  upon  the  relative  binding  capacity  both  of  the 
tissues  and  of  the  plasma  proteins  as  well  as  upon  the  relative  rates  at 
which  these  compounds  are  degraded  in  various  tissues,  excreted  in  the  bile 
and  urine  and  reabsorbed  from  the  gut. 

It  is  of  interest  to  compare  the  effect  produced  by  removing  the  amino 
group  from  the  thyroxine  molecule  (as  in  Tetrac  and  Tetraprop)  with  the 
effect  produced  by  changing  the  relative  position  of  the  amino  group  (as  in 
D-thyroxine).  Removal  of  the  amino  group  leads  to  a  decreased  affinity  for 
all  tissues,  as  indicated  by  the  decreased  tissue  plasma  ratios  for  Tetrac 
and  Tetraprop.  A  change  in  the  relative  position  of  the  amino  group,  on  the 
other  hand,  results  in  an  increased  affinity  for  liver  and  kidney  (as  re¬ 
vealed  by  greater  tissue  plasma  ratios  for  D-thyroxine)  but  in  no  signifi- 


May,  I960 


DISI’OSITIOX  OF  THYROXINE  ANALOOl’ES 


093 


cant  charige  in  the  affinity  for  otlier  tissues  ((>).  Heinoval  of  the  amino 
group  from  triiodotliyronine  results  in  an  alteration  in  its  distrihution 
similar  to  that  produced  with  removal  of  the  amino  group  from  thyroxine. 
Finally,  the  distribution  of  Tetrac  is  essentially  the  same  as  that  of  Tetra- 
prop  and  the  distribution  of  Triac  essentially  the  same  as  that  of  Triprop;  it 
seems  reasonable  to  conclude,  therefore,  that  it  is  the  removal  of  the  amino 
group  which  leads  to  changes  observed  and  that  the  additional  removal  of  a 
carbon  atom  from  the  side  chain  does  not  further  alter  physiological  dis¬ 
position. 
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AHSTRA('T 

Transjjhuitahlp  thyroid  tumors  won*  induced  by  grafting  thyroids  of  mice 
with  an  autonomous  but  functional  thyrotro|)ic  tumor.  The  latter  provided 
the  necessary  stimulus  of  sustained  high  levels  of  thyrotropin. 

These  thyroid  tumors  remained  fully  <lependent  after  four  consecutive  ani¬ 
mal  |)assages,  i.e.,  they  failed  to  grow  in  the  ab.senee  of  a  thyrotropic  tumor. 

Although  rtunaining  fully  dei)endent  in  the  eourst*  of  four  passage's,  the 
tumors  gradually  assumed  the  histological  appearances  associated  with  malig¬ 
nant  growth,  as  manife.sted  by  cellular  pleomorphism,  loss  of  polarity,  and 
freepieney  of  mitotic  figures.  The  tumor  ai)i)eared  to  be  locally  invasive,  but 
there  was  no  evidence  of  distant  metastases.  The  latency  of  the  tumors  was 
long  (8-10  months)  when  the  thyroid  and  thyrotropic  tumors  were  grafted 
simultaneously.  It  could  be  reduced  greatly  by  grafting  the  thyrotropic  tumor 
much  before  the  thyroid  tumor. 

Hyperplastic  lesion.s  have  been  induced  in  the  thyroids  of  rats 
and  mice  l)y  the  long  continued  administration  of  antithyroid  drugs, 
as  hrassica  .seeds  (1),  tliiourea  (2),  thiouracil  (3-5),  and  propylthiouracil 
(());  and  by  radioiodine  (7-10)  and  low  iodine  diet  (11).  These  lesions  range 
from  simple  hyperplasia  through  adenomas  to  adenocarcinoma,  in  some  in¬ 
stances  with  metastases.  Initially  these  thyroid  tumors  could  be  tran.s- 
planted  only  to  animals  similarly  treated  (12),  but  on  repeated  passages 
they  gave  rise  to  autonomous  variants  (13-10). 

Interference  with  thyroid  pituitary  hormonal  balance  may  result  in  the 
development  of  either  pituitary  or  thyroid  tumors  (17).  In  particular,  de¬ 
struction  of  the  thyroids  of  mice  by  P®‘  has  resulted  in  the  production  of 
pituitary  tumors  (IS).  These  tumore  .secrete  thyrotropin  and  are  tran.s- 
plantable  (19).  Although  initially  dependent,  i.e.,  growing  only  in  the  athy- 
roid  animal,  they  become  autonomous  (20)  in  the  course  of  succe.ssive  pas- 
.sages,  i.e.,  they  grow  in  euthyroid  ho.sts. 

The  animals  bearing  these  transplanted  autonomous  thyrotropic  tumors 
have  greatly  eidarged  thyroids.  The  thyroid  glands  are  hyperpla.stic,  con- 
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Institute,  N.I.H.,  I'SPHS  C-22.59,  and  the  .\tomie  Energy  Commission. 


May,  1960  THYROID  Tl'MORS  INDUCED  BY  THYROTROPES 


r)95 

taining  many  adenomas  and  occasionally  areas  suggestive  of  carcinoma. 
Nevertheless  attempts  to  transplant  these  thyroid  tumors  have  been  un¬ 
successful  until  the  development  of  tumors  here  described. 

MATERIALS  AND  METHODS 

P'eniale  L.\Fi  mice,  ()l)tain('(I  from  the  Roscoe  B.  Jackson  Memorial  Laboratory, 
were  used.  Thej'  were  fed  Purina  cliow  and  given  tap  water  ad  libitum.  At  the  time  of 
grafting  they  were  aged  7-9  weeks. 

For  initial  trans])lantation  hyperplastic  adenomatous  thyroids  were  used,  ami  in  the 
subsequent  passages  tumors  resulting  from  them,  in  the  earlier  passages  the  tumors 
measured  only  about  5  mm.,  and  this  necessitated  the  pooling  of  several  tumors.  The 
tumors  were  minced  with  scissors  in  sterile  normal  saline  and  0.0.5-0.1  ml.  of  an  aj)- 
proximately  20%  tumor  mince  was  injected  intramuscularly  in  the  thigh.  P’or  histo¬ 
logical  examination  tissues  were'  fixed  in  Formol-Zenker,  sectioned  at  6  n  and  stained 
with  hematoxylin  and  (‘osin. 

The  thyroid  grafts  were  made  in  both  normal  and  radiothyroidectomized  animals. 
For  radiothyroidectomy  mic('  were  ke|)t  for  10  to  20  days  on  a  low  iodine  diet  (obtained 
from  Nutritional  Biochemicals  (’orp.)  and  were  given  00  juc.  of  subcutaneously.  In 
some  animals  a  hypothyroid  state  was  induced  by  the  administration  of  i)roi)ylthi- 
ouracil  (PTC)  in  drinking  watcT  (0.02%),  given  ad  libitum,  sui)plemented  by  desiccated 
thyroid  jjowder  in  the  food  (0.1%).  Some  animals  were  also  grafted  in  the  other  thigh 
with  thyrotropic  pituitary  tumors  (TtT)  of  a  slowly  growing  autonomous  but  functional 
strain. 


RESULTS 

After  tlie  original  pa.s.sage,  the  grafted  turnons  were  carried  in  two  .sepa¬ 
rate  lines  (8  &  84,  Table  1).  The.se  behaved  essentially  alike.  The  thyroid 
tumors  grew  very  slowly  in  normal  mice  bearing  TtT  and,  for  reasons  un¬ 
known,  even  more  slowly  in  athyroid  mice  bearing  TtT.  To  date  four  con- 


T.\BI,E  ).  ReSI  I.TS  ok  TK.\NS1*I.AXTATI0.N  ok  thyroid  Tl'MORS  IN¬ 
IN  NORMAI.  AND  CONDITIONED  HOSTS 


1 

1 

! 

Treatment  of  host 

Line  ! 

Passage  ' 

Time  of  TtT  graft  1 

Bearing  TtT  j 

Without  TtT 

1 

! 

Normal 

1 

.\thyroid  ' 

Nor¬ 

mal 

A  thy-  PTU 
roid  treated 

I 

Simultaneous  j 

8/4 (270)* 

0/5 

:u  : 

II 

Simultaneous  1 

5/0 (250) 

8/5(810) 

0/5 

0/5 

IIIA  1 

90  (lavs  earlier  ' 

8/8  (00) 

0/8 

1 

IIIB  1 

Simultaneous 

7/8(218) 

2/8 (282) 

0/8 

0/8 

1 

IV 

()0-18()  days  earlier 

2/0  (220) 

5/9  (80) 

0/18 

0/18 

Total 

!  25/82 

10/22 

0/89 

0/20 

8 

I 

1  Simultaneous 

1  2/8  (825) 

0/0 

0/0 

II 

109  days  later 

1  5/0  (820) 

2/4  (870) 

0/9 

Total 

1 

1 

I 

1  7/9 

2/4 

0/0 

0/0  0/9 

*  Number  of  animals  with  tumors  over  number  grafted.  Average  latency  (i.e.,  time  when 
the  tumor  became  palpable)  in  days,  is  given  in  parentheses. 

•Many  animals  in  Passage*  IV  are  still  alive. 
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P'lG.  la.  A  transplantable  thyroid  tumor  grown  under  the  stimulation  of  thyro¬ 
tropin.  Note  the  resemblance  to  a  colloid  goiter.  (X2.5) 

Fig.  lb.  A  hyperplastic  thyroid  stimulated  by  an  intramuscular  graft 
of  a  tlnrotropie  pituitary  tumor.  (X2.5) 

Fig.  le.  The  thyrotropic  pituitary  tumor  which  was  the  source  of  thyrotropin  (X2.o) 
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secutive  passages  liave  been  made  in  TtT  treated  animals,  (drafts  failed  to 
take  in  animals  not  treated  with  TtT,  and  in  PTU  treated  mice. 

Tumor  growth  could  he  greatly  hastened  by  building  up  a  very  high  thy¬ 
rotropin  level  by  grafting  prospective  recipients  with  autonomous  thyro¬ 
tropic  tumors  weeks  or  months  before  grafting  the  thyroid  tumor.  This  is 
illustrated  in  passage  III  A  and  passage  IV  in  which  the  thyroid  tumors  be¬ 
came  palpable  in  (30  and  3(3  days  in  animals  pretreated  with  TtT. 

In  line  8,  in  which  the  latency  periods  were  long  (325-37(3  days),  TtT 
was  implanted  109  days  after  the  thyroid  tumor  grafts.  (The  “dormancy” 
of  these  tumor  cells  in  histocompatible  hosts  is  well  known.) 

Anatomic  characteristics.  Figure  1  shows  a  grafted  thyroid  tumor  (la) 
and  the  greatly  enlarged  thyroid  (lb)  from  an  animal  bearing  a  thyrotropic 
tumor  (Ic).  The  characteristics  of  the  latter  have  been  previously  de¬ 
scribed  (21-22)  and  its  histological  appearance  is  shown  in  Figure  2. 

The  enlargement  of  the  thyroid  in  an  animal  having  a  thyrotropic  tumor 
was  symmetrical.  Diffuse  hyperplasia  was  followed  by  the  development  of 
adenomatoid  nodules. 

The  microscopic  changes  in  the  evolution  of  thyroid  tumors  are  illus¬ 
trated  in  Figures  3-5.  At  first  there  was  widespread  hyperplasia  followed 
by  papillary  infolding,  progressing  to  adenomas,  both  papillary  and  solid. 
Normal,  hyperplastic  and  tumorous  areas  occurred  side  by  side.  In  general, 
the  epithelial  cells  in  the  papillary  areas  were  cuboidal  with  large  central 
nuclei  and  granular  eosinophilic  cytoplasm.  In  the  solid  areas  they  were 
smaller  and  their  nuclei  were  hyperchromatic.  Pleomorphism,  in  general, 
was  slight,  and  mitotic  figures  were  few.  In  places  pleomorphism,  loss  of 
polarity,  and  the  many  mitotic  figures  suggested  an  early  malignancy. 
However,  in  the  present  series  gross  and  microscopic  examination  failed  to 
disclose  the  presence  of  thyroid  tissue  in  the  adjacent  structures  of  the 
neck,  lymph  nodes  and  lungs. 

The  transplanted  tumors  were  lobulated,  reddish  grey,  and  moderately 
firm.  The  gross  appearance  was  reminiscent  of  a  colloid  goiter  (Fig.  la). 
Histologically  (Figs.  (3-9)  the  thyroid  origin  of  the  tumors  was  usually  evi¬ 
dent,  there  being  well  developed  acini  throughout,  lined  by  cuboidal  epi¬ 
thelium  and  containing  colloid  (Fig.  6).  There  were  both  solid  and  papillary 
areas  (Fig.  7).  The  histological  appearances  showed  more  cellularity  and 


I'm.  2.  The  histological  appearance  of  the  tumor  shown  above.  Note 
the  minimal  degree  of  dedifferentiation.  (Xl(50) 

Fig.  3.  Thyroid  stimulated  by  thyrotrojiic  tumor.  .\n  earl}-  lesion 
with  some  papillarj-  infolding.  (XlbO) 

Fig.  4.  Thyroid  stimulatc'd  by  thyrotropic  tumor.  More  advanced  lesion 
showing  papillary  hyperplasia.  (XHiO) 

Fig.  5.  Thyroid  stimulated  by  thyrotropic  tumor.  \  predominantlj"  solid  area.  (XlGO) 
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less  secretory  activity  than  in  the  thyroid.  There  was  more  pronounced 
pleomorphism  and  mitotic  figures  were  more  frecpient  in  both  papillary  and 
solid  areas  than  in  the  thyroid  (Fig.  9).  Small  nodules  of  thyroid  tumor 
were  present  at  .some  distance  from  the  main  tumor  ma.ss,  where  they  were 
growing  freely  in  the  muscle  (Fig.  S).  However  in  none  of  the  animals  were 
distant  metasta.ses  detected. 


DISCUSSION' 

Dependent  tumors  of  endocrine  organs  are  of  special  interest;  they  pro¬ 
vide  “pure  cultures”  of  functional  cells  which  are  fully  under  hormonal  con¬ 
trol  and,  therefore,  a  means  of  studying  feedback  regulation  of  the  respec¬ 
tive  .system. 

Thyroid  tumors  have  been  induced  by  the  administration  of  a  variety  of 
anti-thyroid  substances.  The  postulated  common  mechanism  of  tumor  in¬ 
duction  is  an  upset  of  thyroid  function  leading  to  a  deficiency  of  thyroid 
hormone.  This  in  turn  produces  an  increased  .secretion  of  thyrotropin  which 
stimulates  the  thyroid  and,  in  time,  hyperplasia  is  followed  by  tumor  for¬ 
mation. 

In  this  series  the  .sustained  stimulation  of  the  glaiul  was  produced  by 
thyrotropin  secreted  by  grafted  autonomous  thyrotropic  tumor,  which 
gave  a  higher  thyrotropin  blood  level  than  other  procedures  (21).  The  thy¬ 
roid  changes  in  thyrotropic  tumor-bearing  animals  were  specific:  they  have 
not  been  observed  in  animals  with  other  types  of  pituitary  tumors  of  which 
adrenotropes  and  mammo-somatotropes  have  been  studied  extensively 
(20).  The  thyrotropin  content  of  thyrotropic  tumors  has  been  assayed 
earlier  (22).  Dependent  tumors  had  as  high  as  40  U.S.P.  units  per  gm.  wet 
weight.  Autonomous  functional  tumors,  as  used  in  these  experiments,  have 
a  lower  thyrotropin  level  ( 1 2-15  U.S.P.  units  gm.  wet  weight ;  assays  of  V.  B. 
Kamat,  to  be  published). 

It  follows  that  the  growth  stimulus  of  the  thyroid  tumors  is  thyrotropin 
derived  from  the  thyrotropic  tumors.  The  growth  rate  of  .stimulated  thy¬ 
roid  tumor  cells  appears  to  be  much  greater  than  that  of  the  animal’s  nor¬ 
mal  thyroid.  The.se  thyroid  tumors  induced  by  thyrotropic  tumors  appear 
to  develop  in  a  manner  similar  to  those  induced  by  other  means.  The  initial 
changes  were  those  of  hyperplasia,  which  progressed  to  the  formation  of 
adenomas.  Finally,  there  was  the  development  of  areas  which  on  morpho¬ 
logical  grounds  may  be  interpreted  as  carcinomas. 

In  experimental  animal  tumors,  as  in  similar  human  neoplasms,  the  his¬ 
tological  diagnostic  criteria  of  malignancy  are  often  unreliable,  as  indicated 
by  biological  behavior  (cf.  5).  In  addition  to  the  cytological  features  a.s.so- 
ciated  with  the  diagnosis  of  malignancy,  such  as  pleomorphism,  abnormal 
staining  properties  and  frequency  of  mitotic  figures,  two  features  have  been 
u.sed  in  the  histological  grading  of  experimental  and  human  tumors:  exten¬ 
sion  of  tumor  beyond  the  capsule  and  the  presence  of  tumor  cells  in  blood 


Fig.  6.  Transplanted  thyroid  tumor  sliowing  small  acini  and  solid  anais.  (XHiO) 
Fig.  7.  Transplanted  thyroid  tumor.  Solid  areas  and  papillary  infolding.  (XlhO) 
F’ig.  8.  Transjdanted  thyroid  tumor.  Invasion  of  Mu.sele 
by  acini  containing  colloid.  (XlOO) 

Fig.  9.  Transplanted  thyroid  tumor.  High  jiower  jiieturc  showing 
cellular  pleornorphism  and  mitotic  figures.  (X(i2.5) 
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vessels.  However,  both  of  these  features  have  been  reported  in  “benign” 
tumors  by  (Jorbman  (23)  who  found  hyperplastic  thyroid  tissue  within  the 
lumen  of  pulmonary  vessels  and  in  lung  parenchyma  of  chronically  thio- 
uracil-treated  mice.  However,  return  to  normal  diet  after  300-400  days  on 
goitrogen  diet  was  followed  by  involution  of  the  supposedly  cancerous  thy¬ 
roids.  He  considered  that  the  hyperplastic  thyroid  tissue  had  entered  the 
veins  mechanically  {vis  a  krgo)  rather  than  by  malignant  infiltration,  and 
that  the  changes  were  es.sentially  benign.  Similarly  Dalton  ct  a\.  (24)  re¬ 
ported  the  presence  of  unencapsulated  pulmonary  metastases  of  thyroid 
tissue  in  C3H  mice  that  had  received  thiouracil  for  11  months.  The  thy¬ 
roids  of  these  mice  showed  only  diffuse  hyperplasia,  hater,  however,  (lo) 
when  they  established  transplantable  thyroid  tumors  which  in  time  became 
autonomous,  tliey  revised  their  opinion,  postulating  that  the  “benign 
metastasizing  thyroid”  was  potentially  malignant. 

Blood  invasion  by  thyroid  adenomas  was  also  noted  around  thyroids 
.stimulated  by  thyrotropic  tumors  (19).  Transfer  of  the.se  thyroids  into 
normal  hosts  was  unsuccessful,  indicating  lack  of  malignancy  (autonomy). 
We  consider  that  the  so-called  “benign  metastasizing  goiter”  is  a  condi¬ 
tioned  growth  disturbance  and  not  an  autonomous  neoplasm. 

It  is  now  generally  recognized  that  both  growth  and  function  of  the  thy¬ 
roid  gland  depend  on  the  function  of  thy  rot  ropes  and  that  sustained  ex¬ 
cessive  quantities  of  thyrotropin  cause  the  development  of  thyroid  tumors. 
Furthermore,  the  growth  of  the.se  tumors  which  may  by  some  standards  be 
interpreted  as  “malignant”  is  also  strongly  influenced  by  the  activity  of 
thyrotropes.  A  similar  .state  of  affairs  has  been  shown  to  exist  in  man,  as 
indicated  by  the  comprehensive  review  of  Thomas  (25).  The  .study  here  re¬ 
ported  shows  that  the  grafts  of  autonomous  highly  functional  thyrotropic 
tumors  can  induce  and  maintain  thyroid  tumors.  The  thyroid  tumors  .so  in¬ 
duced  are  dependent  neoplasms,  as  shown  by  their  failure  to  grow  in  the  ab¬ 
sence  of  the  .sustained  .stimulus  of  thyrotropin.  In  the  light  of  experimental 
evidence,  the  controversy  over  the  histological  grading  of  the  tumors  is 
fruitless;  what  matters  is  the  biologic  grading  into  dependent  and  autono¬ 
mous  growth;  and  subdivision  of  the  latter  into  hormone-responsive  and 
fully  autonomous  neoplasms. 

Treatment  with  PTU  failed  to  .support  the  growth  of  these  thyroid 
tumors  under  the  conditions  of  the  experiment.  The  PTU  diet  was  .supple¬ 
mented  with  desiccated  thyroid  as  recommended  by  Sellers  et  al.  (cf.  26).  In 
their  experience  the  goitrogenic  effect  can  be  enhanced  by  dried  thyroid 
powder,  administered  concurrently  over  a  specific  range  of  dosage  for  long 
periods  (S  to  IS  months).  Sellers  and  Schonbaum  (26)  mention  several  pos¬ 
sibilities  to  explain  this  .seemingly  paradoxical  phenomenon,  but  conclude 
that  there  is  no  convincing  evidence  supporting  any  one  of  them  to  the  ex¬ 
clusion  of  the  other.  Thus  the  problem  is  unsolved.  In  our  experiments  this 
treatment  cau.sed  goiter  in  all  mice.  Failure  of  this  treatment  to  .support  the 
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growtli  of  thyroid  tumor  may  have  been  due  to  lower  thyrotropin  levels  in 
mice  so  treated  than  in  radiothyroidectomized  mice. 
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KFFIXT  OF  DIABETOGENIC'  HORMONES  ON  BLOOD 
SUGAR  AND  PANC'REAS  OF  SULFONYLUREA 
TREATED  ANIMALS* 

SYDNEY  S.  LAZARUS  and  BRUNO  W.  VOLK 

Isaac  Albert  Research  Institute  of  the  Jewish  Chronic  Disease  Hospital,  Brooklyn,  and 
the  Department  of  Pathology,  Albert  Rinstein  College  of  Medicine,  Bronx,  Xew  York 

ABSTRACT 

Studies  have  been  eondueted  on  tlie  diabetogenic  effectiveness  of  growth 
liormone  in  o0%  partially  pancreatectomized  dogs  and  of  cortisone  in  rabbits, 
which  received  tolbutamide  prior  to  and  during  hormone  administration.  The 
degree  of  dial)etes  which  was  observed  in  each  species  was  similar  to  that  found 
in  animals  receiving  hormones  alone.  Furthermore,  the  degree  of  B  cell  destruc¬ 
tion  was  similar  in  dogs  treated  with  growth  hormone  alone  to  that  observed 
in  thos(‘  who  received  both  the  sulfonylureas  and  the  growth  hormone.  This 
destruction  of  B  cells  has  been  interpreted  to  be  a  response  to  hyperglycemia 
through  some  unknown  mechanism,  but  not  <lue  to  functional  stimulation  of 
the  B  cells.  This  viewpoint  was  supported  by  the  fact  that  chronic  stimulation 
of  the  B  cells  by  the  sulfa  drugs  causes  degranulation  and  enlargement  of 
nuclei  and  Clolgi  apparatus  but  no  other  changes.  Furthermore,  pretreatment 
with  sulfonylurea  drugs  did  not  measurably  alter  the  pancreatic  mori)hologic 
response  of  the  rabbits  or  dogs  to  diabetogenic  hormones. 

IT  IS  generally  believed  that  the  administration  of  anterior  pituitary  ex¬ 
tract. s  cau.ses  hyperglycemia  in  the  dog  by  inhibition  of  peripheral 
utilization  of  glucose  (1,  2).  The  resultant  increased  glycemic  level  stimu¬ 
lates  insulinogenesis  from  the  pancreatic  B  cells  which  is  expres.sed  morpho¬ 
logically  as  degranulation  (3-8).  The  hypoglycemic  sulfonylureas  stimu¬ 
late  the  B  cells  directly  to  increase  insulin  output  and  similarly  cause  de¬ 
granulation  (9-13).  In  previous  studies  the  authors  showed  that  idiohypo- 
physeal  diabetic  dogs  with  complete  degranulation  of  the  pancreatic  B  cells 
did  not  develop  a  decline  of  the  blood  sugar  after  a  single  test  dose  of  tolbu¬ 
tamide.  However,  the  drug  did  evoke  a  hypoglycemic  response  in  diabetic 
dogs  with  even  minimal  residual  pancreatic  B  cell  granulation  (13).  More¬ 
over,  in  dogs  with  metahypophy.seal  diabetes  and  B  cell  destruction  the 
daily  admini.stration  of  tolbutamide  failed  to  lower  the  blood  sugar  level. 
Since  complete  degranulation  or  destruction  of  B  cells  are  indicative  of  loss 
of  pancreatic  insulinogenic  reserve  the.se  observations  would  indicate  that 
some  B  cell  functional  re.serve  must  be  pre.sent  for  the  hypoglycemic  action 
of  the  .sulfonylurea  drugs. 

R(“c(‘iv(‘(l  Octoix'r  .3,  19.59. 

'  Supported  by  tlrants  from  the  National  Seienee  Foundation  and  the  rpjohn  Com¬ 
pany. 
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In  a  recent  study  Mirsky,  et  al.  (14),  observed  that  administration  of  tol¬ 
butamide  to  dogs  who  received  growth  hormone  diminished  or  prevented 
the  usual  hyperglycemic  response  to  the  hormone.  These*  findings  seem  to 
suggest  that  in  this  instance  adecpiate  pancreatic  reserve  existed  despite 
the  administration  of  growth  hormone.  The  inference  could  also  be  drawn 
that  B  cell  destruction  after  growth  hormone  is  not  due  to  excessive  stimu¬ 
lation  of  B  cells  since  the  .sulfonylureas,  which  act  directly  upon  them,  did 
not  potentiate  the  diabetogenic  effect  of  the  growth  hormone.  However, 
these  authors  did  not  study  the  pancreas  histologically.  It,  therefore, 
seemed  of  interest  to  inv'estigate  the  diabetogenicity  of  growth  hormone  in 
dogs  whose  pancreatic  B  cells  had  been  .stimulated  by  pretreatment  with 
tolbutamide  and  in  whom  the  insulinogenic  reserve  had  been  reduced  by 
o0%  partial  pancreatectomy.  Furthermore,  the  diabetogenic  effectiveness 
of  cortisone  was  inv'estigated  in  rabbits  each  of  which  received  tolbutamide 
prior  to  and  during  hormonal  administration. 

M.VTERI.VL  AND  METHODS 

.\)  Dogs:  Thirty-eight  mongrel  dog.s  of  either  sex,  weighing  from  12  to  15  kg.  were 
50%  partially  i)anereateetoniized.  On  or  after  the  14th  post-operative  day  17  animals 
received  0.5  gm.  h.i.d.  of  tolbutamide  or  of  metahexamide  by  mouth  for  periods  of  2 
to  83  days.  Eleven  were*  given  a  similar  dose  of  the  sulfonylurea  as  well  as  3  mg.  kg.  of 
purified  growth  hormone*  intramuscularly  daily  for  5  to  21  days.  Ten  dogs  receiv('d 
similar  dosages  of  growth  hormone  alone  for  periods  of  3  to  22  days.  .Ml  dogs  wen*  fed  a 
high  earbohydrate  diet  consisting  of  mashed  jmtatoes,  meat  and  meat  gravy  and  5% 
glucose  solution  nd  libitum  instead  of  drinking  water.  Morning  fasting  specimens  for 
glucose  determination  were  withdrawn  daily  from  the  leg  veins. 

H)  Rabbits:  Twenty-four  rabbits  of  either  sex,  weighing  from  2.500  to  4000  gm.  re¬ 
ceived  125  mg.  kg.  of  tolbutamide  or  metahexamide  intravenously  for  periods  of  up  to 
35  days.  Starting  on  the  14th  day  seven  of  these  animals  also  were  given  4  mg.  kg.  of 
cortisone  acetate*  for  up  to  14  days.  .\n  additional  12  rabbits  received  a  similar  dosage 
of  cortisone  alone  daily  for  23  days  and  served  as  controls.  .Ml  animals  wen*  k(*pt  in  indi¬ 
vidual  metabolic  cages  and  re(*eiv(*d  Purina  rabbit  chow  and  water  ad  libitum.  Each 
animal  r(*ceived  20(),()0()  units  of  jjrocaine  p(*nicillin  (1  and  0.25  gm.  of  dihydrostrejjto- 
mycin  sulfate  (('ombiotie-Pfiz(*r)  twice  w(*ekly.  Blood  was  drawn  from  tin*  marginal  ear 
vein  daily  in  the  morning  at  api)roximately  9:30  .\.M.  and  ii\  the  afternoon  at  ap¬ 
proximately  1  :30  P.M. 

.Ml  surviving  rabbits  and  dogs  w(*re  sacrifieed  by  overdosage  with  nembutal  on  the 
monung  following  the  last  dose*  of  nu*dication  and  jjortions  of  the  panereas  were*  ])laced 
in  Zenker-Forrnol  solution.  Blocks  were  processed  as  describ(*d  previously  and  seetions 
were  stained  by  a  modification  of  the  Masson  trichrome  stain  (1.5).  the  aldehyde  fuchsin 
method  (10)  and  the  P.\S  trichrome  techni(pie  controlled  by  diastase  digestion  for  gly¬ 
cogen  identification  (17).  For  demonstration  of  fat  other  blocks  of  tissue  were  embedded 
in  Carbowax  and  stained  with  Sudan  IV.  The  blood  sugar  determinations  were  carried 
out  by  the  Xelson-Somogyi  method  (18). 

*  Purifi(*d  growth  hormone  was  a  gift  from  the  Endocrine  Study  Section  of  the  Na¬ 
tional  In.stitute  of  Health. 

*  Cortisone  acetate  was  supi)lied  bj'  the  Upjohn  Company,  Kalamazoo,  Michigan, 
through  the  courtesy  of  Dr.  C.  .1.  O’Donovan. 
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RESULTS 

Blood  sugars 

Dogs:  The  morning;  blood  sugar  values  in  untreated  partially  depan- 
creatized  dogs  varied  from  84  to  125  mg.%.  In  similar  animals  who  receivetl 
sulfonylureas  the  values  ranged  between  67  and  125  mg.%.  These  levels  are 
not  .significantly  different  from  tho.se  of  the  normal.  Of  the  10  dogs  which 
received  growth  hormone  alone  8  developed  diabetes  between  the  2nd  and 
5th  day  after  the  start  of  hormonal  treatment.  At  the  time  of  sacrifice  the 
blood  sugar  levels  of  the.se  8  animals  varied  between  225  and  415  mg.%.  In 
9  of  the  11  dogs  who  received  sulfa  drugs  as  well  as  growth  hormone,  a 
marked  hyperglycemia  began  on  the  2nd  to  the  6th  day  after  starting  hor¬ 
monal  treatment.  This  hyperglycemia  persisted  until  .sacrifice  of  the  ani¬ 
mals.  The  terminal  blood  sugar  levels  of  these  animals  varied  from  191  to 
485  mg.%  (Fig.  1). 

Rabbits:  The  daily  morning  blood  sugars  of  the  sulfonylurea  treated  rab- 


A. 


0 


- UPPER  LIMIT  OF  NORMAL 

Fig.  1 :  I).*!!!}-  morning  blood  sugar  levels  of  3  representative  50%  partially  depan- 
ereatized  dogs  wliich  reeeived  respeetiveh”  A)  Saline  solution  and  later  also  3  mg.  kg. 
orally  of  growth  hormone  daily  s.e.,  B)  0.5  mg.  b.i.d.  of  tolbutamide  orally  and  later 
3  mg. /kg.  of  crystalline  growth  hormone  s.e.  in  addition.  C)  Onh-  0.5  mg.  b.i.d.  of  tol¬ 
butamide  orally. 
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bits  were  usually  within  normal  values  and  ranged  from  72  to  122  mg.%. 
The  afternoon  blood  sugar  concentration  was  fre(juently  considerably  de¬ 
creased  ranging  down  to  (55  mg.%.  Rabbits  who  received  cortisone  treat¬ 
ment  alone  showed  a  marked  rise  of  the  blood  sugar  by  the  4th  to  (ith  day 
which  reached  its  peak  of  242  to  410  mg.%  on  the  10th  to  14th  day.  From 
then  on  there  was  usually  a  gradual  decline  of  the  hyperglycemic  level. 
Animals  which  were  treated  with  the  sulfonylurea  drugs  in  addition  to 
cortisone  showed  blood  sugar  curves  similar  to  those  observed  in  the 
rabbits  which  received  steroid  treatment  alone. 

Pancreatic  morphology 

Dogs:  The  untreated  partially  pancreatectomized  dogs  revealed  no  sig¬ 
nificant  pancreatic  changes.  Of  the  sulfonylurea-treated  animals  8  showed 
partial  and  14  showed  almost  complete  B  cell  degranulation.  Complete  de¬ 
granulation  usually  became  apparent  at  the  7th  to  8th  day  after  the  start 
of  treatment.  The  B  cells  showed  increased  size  of  the  nuclei  as  well  as  an 
unusual  prominence  of  the  negative  image  of  the  (Jolgi  apparatus  (cf.  Fig. 
2a  and  2b).  There  was  no  evidence  of  any  vacuolization  or  destruction  of 
the  B  cells. 

.\nimals  treated  with  growth  hormone  atone  or  tho.se  who  received  both 
the  hormone  and  sulfonylurea  displayed  similar  morphologic  changes  in  the 
pancreas.  Concomitant  with  the  development  of  the  hyperglycemia  there 
was  increase  in  glycogen  infiltration  in  ductular  epithelium  as  well  as  in  an 
occasional  acinar  cell.  The  B  cells  in  addition  to  progre.ssive  degranulation, 
showed  two  types  of  vacuolization.  One  type  consisted  of  single  or  multiple 
cytoplasmic  glycogen-containing  vacuoles.  The  other  consisted  of  bal- 
looned-out  cells  which  progressive!}'  increased  in  numbers.  These  cells  con¬ 
tained  pyknotic  nuclei  which  were  connected  to  the  cell  membrane  by  thin 
strands  of  cytoplasm  (Fig.  8a  and  8b).  The  vacuoles  of  the.se  cells  contained 
neither  glycogen  nor  fat.  Eventually  there  was  a  marked  decrease  of  the 
number  of  islets.  The.se  residual  islets  consisted  only  of  A  cells  and  1)  cells 
as  well  as  of  not  clearly  identifiable  cells  which  are  probably  of  ductular 
origin. 

Animals  treated  with  growth  hormone  alone  or  together  with  sulfonyl- 
ureas  which  did  not  develop  diabetes  showed  the  expected  .small  amounts 
of  glycogen  in  pancreatic  ductular  epithelium.  The  B  cells  were  not  vacu¬ 
olated  and  did  not  contain  glycogen  but  showed  frecpiently  extensive  de¬ 
granulation.  The  A  cells  and  D  cells  were  unchanged. 

Rabbits:  The  rabbits  treated  with  .sulfonylurea  alone  showed  varying  de¬ 
grees  of  B  cell  degranulation  which  commenced  on  the  8rd  and  frefiuently 
was  complete  by  the  7th  or  8th  day  (compare  Fig.  4a  and  4b).  In  addition 
there  was  marked  erdargement  of  the  nuclei  as  well  as  of  the  negative 
image  of  the  (lolgi  apparatus.  Those  animals  which  were  treated  with  both 
sulfa  drugs  and  cortisone  showed  B  cell  degranulation  as  well  as  glycogeni- 
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Fig.  2a:  Pancreatic  islet  of  normal  dog  showing  well  granulated  B  cells.  The  .\  cells 
are  jiale  (arrows).  Aldehyde-Fuehsin-Trichrome.  X375. 

Fig.  2b.  Pancreas  of  50%  partially  pancreatectomized  dog  treated  with  0.5  gm.  of 
metahe.xamide  daily  orally  for  52  days.  There  is  almost  complete  degranulation  of  B 
cel's.  Moreover,  there  is  enlargement  of  li  cell  nuclei  and  Golgi  apparatus  (arrows). 
P..V.S.  Trichrome.  X500. 
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Fig.  3a.  Pancreas  of  50%  partially  pancrcatcctoinized  dog  treated  with  0.5  gin.  of 
tolbutamide  b.i.d.  orally  and  later  also  with  3  mg. /kg.  of  growth  hormone  s.c.  Tlu're 
is  glyeogenization  of  ductular  epithelium  (I))  and  B  eells  (arrows)  as  well  as  ballooning 
vacuolization  of  a  B  cell  (B).  P..\.S.  Trichrome.  X960. 

Fig.  3b.  High  power  view  of  islet  of  50%  partially  pancreatectomized  dog  treated 
with  0.5  gm.  of  tolbutamide  b.i.d.  orally  and  later  a».so  with  3  mg. /kg.  of  growth  hor¬ 
mone.  The  B  cells  are  e.\tensively  degranualted.  There  is  a  ballooned-out  vacuolated  B 
cell  with  pyknotic  nucleus  present  (B).  Aldehyde-Fuehsin-Trichrome.  X375. 
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Fig.  4a.  Pancreas  of  untreated  rabbit  showing  A  and  B  cells.  The  B  cell  granules  are 
I)olarized  around  the  capillar)-  borders  of  the  cells  (arrow-s).  The  A  cells  are  mediun  gray 
(.\),  the  1)  cells  are  light  gray  (I)).  Aldehyde-Fuchsin-Trichrome.  X375. 

Fig.  4h.  Pancreas  of  rabbit  treated  for  27  days  with  125  mg. /kg.  of  metahexamide 
i.v.  There  is  complete  degranulation  of  B  cells  but  no  other  changes.  The  A  cells  are 
dark  (arrows).  Aldehvde-Fuchsin-Trichrome.  X500. 
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Fig.  o.  Pancreas  of  nioderatelj-  diabetic  rabliit  treated  for  19  days  with  125  mg./ kg. 
of  metahe.xainide  as  well  as  4  mg. /kg.  of  cortisone  acetate  daily.  The  B  cell  nuclei  are 
somewhat  enlarged  and  there  is  mild  glycogenization  (arrows).  Xo  degenerative  changes 
in  B  cells  are  seen.  The  A  cells  are  black  (.\).  P..\.H.  Trichrome.  X375. 


zation  of  B  cells  and  duct  epithelium  commensurate  with  the  degree  of  dia¬ 
betes  which  developed.  There  was,  in  addition,  enlargement  of  B  cell 
nuclei  and  Golgi  apparatus  and  some  apparent  increase  in  size  of  islets. 
However,  there  was  no  evidence  of  any  destruction  of  B  cells  (Fig.  o). 
Animals  treated  with  cortisone  alone  showed  similar  morphologic  altera¬ 
tions. 


DISCUSSION 

The  results  of  the  present  study  which  seem  to  be  at  variance  with  those 
of  .Mirsky,  ct  al.  (14)  demonstrate  that  in  the  50%  partially  pancreatecto- 
mized  dog,  hypoglycemic  sulfonylureas,  in  the  majority  of  animals,  did  not 
prevent  the  diabetogenic  response  to  growth  hormone.  However,  in  the 
pre.sent  stiuly  the  pancreatic  reserve  had  been  diminished  by  prior  surgery 
wliereas  in  the  previous  study  intact  dogs  were  utilized.  Furthermore 
sulfonylurea  administration  in  rabbits  did  not  particularly  alter  the  dia¬ 
betogenic  response  to  cortisone.  The.se  findings  support  our  previous  obser¬ 
vation  that  tolbutamide  wilt  not  cause  hypoglycemia  in  growth  hormone 
treated  dogs  or  cortisone  treated  rabbits  unless  some  pancreatic  reserve  is 
present  (13). 

The  B  cell  destruction  in  dogs  during  hormone  administration  has  been 
shown  to  be  due  to  progressive  development  of  necrobiotic  B  cells  with  bal¬ 
looning  vacuolization  of  cytoplasm  and  nuclear  pyknosis  (19).  This  lesion 
differs  from  vacuolization  due  to  glycogen  infiltration  which  is  also  found 
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ill  (logs  and  the  only  type  seen  in  the  rabbit.  This  latter  form  of  vacuoli¬ 
zation  is  a  reversible  metabolic  process  reflecting  the  elevated  concentra¬ 
tion  of  glucose  in  the  tissue  fluids  and  is  not  a  destructive  lesion  (19-21). 

The  hypothesis  that  vacuolization  and  destruction  of  B  cells  during  dia¬ 
betes  in  dogs  represents  overstrain  of  these  cells  due  to  increased  demands 
for  insulin  was  originally  put  forward  by  Allen  (23,  24)  and  Homans  (25, 
20)  and  since  has  been  generally  accepted.  This  mechanism  is  used  to  ex¬ 
plain  the  pathogenesis  of  the  permanent  diabetes  produced  by  various 
diabetogenic  agents  in  the  dog  and  cat.  That  prolonged  blood  sugar  eleva¬ 
tion  is  responsible  for  B  cell  destruction  seems  to  have  been  proved  by  the 
fact  that  in  cats  prevention  of  hyperglycemia  prevented  B  cell  destruction 
(0),  whereas  massive  do.ses  of  glucose  have  produced  it  (27,  28).  This  was 
substantiated  in  the  present  study  by  the  fact  that  in  the  two  dogs  who  did 
not  become  diabetic  when  treated  with  growth  hormone  following  tolbuta¬ 
mide  no  ballooning  vacuolization  of  B  cells  was  seen.  The  mechanism 
whereby  hyperglycemia  causes  B  cell  destruction  in  the  dog  is,  however, 
not  known.  It  seems  unlikely  that  this  is  due  to  a  functional  exhaustion  of 
the  B  cells.  If  it  were,  it  would  be  remarkable,  since,  as  a  general  rule,  ex¬ 
cessive  stimulation  results  in  cell  hypertrophy  and  hyperplasia  rather  than 
destruction.  Moreover,  if  functional  exhau.stion  were  the  mechanism  one 
would  expect  the  sulfonylureas,  which  also  stimulate  B  cells,  to  reinforce 
the  B  cell  destructive  action  of  growth  hormone  induced  diabetes.  Also  in 
no  instance  was  chronic  sulfa  drug  administration  associated  with  vacuoli¬ 
zation  or  destruction  of  B  cells  despite  morphologic  changes  in  the  pan¬ 
creas  including  degranulation  and  enlargement  of  (Jolgi  apparatus  which 
are  those  of  chronic  B  cell  stimulation. 
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VASOPRKSSIX  IN  BLOOD:  EFFECT  OF  HEMORRHAGE^ 
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Cleveland,  Ohio 

ABSTRACT 

A  method  has  Ixa'ii  dt'veloped  for  the  estimation  of  vasopressin  in  i)lood.  By 
means  of  a  few  simi)le  ehemieal  and  ehromatographie  procedures  vasopressin 
contained  in  large  (piantities  of  blood  may  he  extracted  and  obtained  in  small 
volumes  of  solution  suitable  for  either  bioassay  determinations  or  further  puri¬ 
fication.  These  methods  coupled  with  a  bioas.say  procedure  have  been  em- 
I)loyed  for  the  study  of  the  time  course  of  changes  in  the  concentration  of  jires- 
sor  material  in  the  blood  after  hemorrhage.  Evidence  is  presented  that  this 
l)ressor  material  is  identical  with  vasoi)rcssin.  From  the  results  of  these  studies, 
an  approximate  rate  and  total  discharge  of  vasopressin  into  blood  of  dogs  sub- 
jecte(l  tf»  hemorrhage  was  calculated. 

The  coiifentratioii  of  va.sopressin  (antidiuretic  hormone,  ADH)  in  the 
l)lood  of  various  mammals  has  been  determined  by  antidiuretic  a.ssays 
of  either  whole  blood,  plasma  or  .serum  (cf.  1,  2,  3).  The  antidiuretic  re¬ 
sponse  induced  by  the  injection  of  blood  pla.sma  or  serum  into  assay  ani¬ 
mals  has  often  been  attributed  to  antidiuretic  hormone  (ADH).  However, 
the  antidiuretic  a.ssay  is  not  .specific  enough  to  justify  the  conclusion  that 
the  response  of  the  test  animal  is  due  either  solely  or  in  large  mea.siire  to 
vasopressin  in  these  body  fluids  (cf.  1,2). 

In  this  paper  we  wish  to  report  on  the  development  of  .simple  chemical 
and  chromatographic  procedures  wherein  minute  quantities  of  vasopressin 
contained  in  large  volumes  of  blood  may  be  extracted,  purified  and  concen¬ 
trated.  The  coupling  of  these  chemical  and  chromatographic  steps  with  a 
bioa.s.say  procedure  confers  considerable  specificity  on  the  quantitative 
e.stimation  of  vasopressin  in  blood.  Such  methods  have  now  been  applied  to 
the  determination  of  the  rate  of  discharge  of  vasopre.ssin  into  the  blood  of 
dogs  which  have  been  .subjected  to  hemorrhage  and  maintained  at  a  blood 
pressure  of  50  mm.  of  mercury. 

MATERIALS  AXD  METHODS 

Mongrel  dogs  were  used  as  a  source  of  blood  and  as  experimental  animals.  Pressor 
assays  w(‘re  j)erformed  on  the  rat  by  the  method  described  in  Pharmacopoeia  of  the 
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Tnited  States  (1955).  The  U.S.P.  standard  had  a  stated  |)()teney  of  0.47  I'nits  i)er  inn- 
The  mean  potency  estimates  of  unknown  samples  are  expressed  in  terms  of  ml’.  (»f 
vasopressin;  numbers  in  parentheses  represent  95%  fiducial  limits. 

Recovery  of  Vasopressin  Added  to  Blood.  In  the  first  series  of  (“xpc'riimmts,  do^s  were 
anesthetized  b}'  intravenous  injection  of  a  3%  sodium  pentobarbital  solution  (1  cc.  per 
kg.),  heparinized,  and  bled  rapidly  from  a  femoral  artery.  Known  (piantities  of  vaso¬ 
pressin  (I’.S.P.  posterior  pituitary  standard  dissolved  in  0.9%  sodium  chloride)  were 
mixed  with  100  ec.  aliquots  of  this  blood  (previously  cooled  in  ice),  and  used  for  recovery 
experiments,  ('ontrol  samples  of  blood  to  which  no  vasoi)r(‘ssin  was  atlded  wen*  run 
simultaneous!}’. 

In  a  second  series  of  exi)eriments,  vasopressin  was  introduced  into  the  lumen  of  a 
cannula  emerging  from  the  femoral  artery.  The  site  of  injection  was  just  ])roximal  to  a 
screw  clam|)  which  regulated  blood  flow  during  collection  to  50  to  100  cc.  per  minute. 
'I'he  endogenous  source  of  vasoi)ressin  had  been  removed  prior  to  collection  of  the 
samples.’ 

One  hundred  cc.  aliquots  of  whole  blood  colleetcal  by  either  of  the  two  jjrocedures 
described  above  and  containing  known  quantities  of  vasopressin,  w<‘re  adih'd  to  or  col¬ 
lected  in  200  cc.  of  cold  15%  trichloroacetic  acid  (TCA),  immersed  in  an  ic('  bath  and 
magnetically  stirred.  After  stirring  for  about  10  minutes,  the  susp«‘nsion  was  centri¬ 
fuged;  the  precipitate  was  washed  successively  with  100  cc.  f)f  10%  T('.V  and  twice 
with  50  cc.  portions  of  5%  T('A.  The  combined  washings  and  sui)ernatant  solution  were 
filtered,  and  extracted  three  times  with  an  equal  volume  of  ether.  The  ch'ar  acpieous 
solution  was  adjusted  to  pH  4.5  (glass  electrode)  with  dilute  NIHOH  and  jiassed  through 
a  column  of  XK-()4  (H  form  in  HjO)  2  cm.  in  diameter  and  1  cm.  high  at  a  flow  rate  of 
about  2  cc.  per  minute.  The  XK-()4  (H  form)  resin  had  been  prc'pared  as  dc'scribc'd  by 
Hirs  et  al.  (4),  and  then  washed  successively  with  a  30%  |)yridine-4%-ac(‘tic  acid  solu¬ 
tion,  HsO,  2  X  H('l  and  HjO.  After  the  blood  extract  had  i)assed  through  the  column, 
the  resin  was  washed  with  20  cc.  of  HjO  and  vasopr(*ssin  was  subscupiently  eluted  with 
25  cc.  of  30%  j)yridine-4%-acetic  acid  (5).  The  eluate  was  collected  in  a  v(‘ssel  contain¬ 
ing  3  mg.  of  L-cystine  (California  Foundation)  dissolved  in  0.5  cc.  of  0.1  X  H('l.  All 
column  ojM'rations  were  carried  out  at  4°  C'.  The  eluate  was  concentrated  to  a  syiup 
in  vacuo  at  a  temperature  below  .30°  C.  'I'he  remaining  traces  of  pyridine  were  removt'd 
by  the  repeated  addition  of  HoCO  (3  to  4  times)  and  subsecpient  concentration  in  vacuo. 
'I'he  residue  was  suspended  in  a  known  volume  of  sodium  chloride  (0.15  M)-acetic  acid 
(5X10'"’  M)  and  centrifugi'd;  the  sui)ernatant  was  assayed  for  i)ressor  activity. 

Extraction  and  .\ssay  of  Endogenoiusly  Secreted  V a.sopressin  Before  and  .\fter  Hemor¬ 
rhage.  In  the  first  series  of  experiments  (Procedure  A)  blood  was  collected  before  and 
after  hemorrhage  from  a  tributary  of  the  external  jugular  vein  at  its  i)oint  of  emergence 
from  the  jugular  foramen.  It  was  anticipated  that  blood  obtained  from  this  vein  would 
have  a  relatively  high  concentration  of  vaso])ressin.  In  the  second  series  of  exjM'riments, 
Procedure  B,  was  employed;  blood  sami)les  were  collected  from  the  sui)erior  vena  cava 
in  an  animal  in  which  the  foridegs,  neck  and  lower  jaw  were  excluded  from  the  circula¬ 
tion.  'I'he  details  of  the  two  procedun's  will  now  be  presented. 

In  Procedure  the  dog  was  anesthetized  with  pentobarbital  (30  mg.  per  kg.  I.V.) 
and  given  heparin.  C’annulae  were  inserted  into  a  femoral  vein,  both  femoral  arteries, 
a  common  carotid  artery,  and  a  branch  of  the  external  jugular  vein  which  drained  the 
region  of  the  cavernous  sinus.  'I'he  cannula  in  the  femoral  vein  was  used  for  infusion  of 

’  'I'he  dogs  were  aiu’stlu'tized  with  barbiturate  and  heparinized.  .Artificial  resjjiration 
was  instituted;  the  chest  was  opened  and  the  left  subclavian  and  brachiocephalic  ar¬ 
teries  ligated.  The  calvarium  was  removed  and  the  brain  (down  to  spinal  cord  and  in¬ 
cluding  pituitary)  lifted  out. 
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oitlier  saline,  fresh  whole  blood  from  donor  dogs,  heparin  or  achlitional  anesthetie  dur¬ 
ing  the  eourse  of  the  (‘xiieriinent.  The  tubes  h'ading  from  the  arterial  eannulae  were 
elamix'd  until  it  was  desired  to  lower  the  blood  pressure  to  50  mm.  Hg.  Just  prior  to 
opening  the  elami)s  (hemorrhage).  100  ee.  of  blood  (control  sample)  was  collected  from 
the  aforementioned  branch  of  the  jugular  vein;  simultaneously  100  ce.  of  donor  blood 
was  infused  via  the  femoral  vein.  The  arterial  clamps  were  then  opened  (zero  time)  and 
witlu!!  30  seconds  the  blood  pressure  reached  a  value  of  about  50  mm.  of  mercury  dur¬ 
ing  which  time  400  to  800  cc.  of  blood  enterc'd  a  pressure  bottle.  The  pressure  was 
maintained  at  50  mm.  of  mercur\  for  the  duration  of  the  e.xperiment.  .Vt  various  time 
intervals,  100  cc.  samples  of  venous  blood  (jugular  branch)  were  collected  directly  into 
200  cc.  of  ice  cold  15%  TCA  (magnetically  stirred).  Arterial  blood  sami)les  were  usually 
collected  simultaneously  and  processed  as  described  for  the  venous  sami)les.  Vaso- 
l)ressin  was  recovered  and  assayed. 

In  Procedure  H,  the  dog  was  anesthetized  and  given  heparin;  the  femoral  vein  and 
artc'ries  were  cannulated  as  described  above.  \  thoracotomy  was  performed  and  the 
animal  supported  with  artificial  respiration.  The  brachiocephalic  artery  was  cannulated 
at  its  origin  and  connected  by  a  Y  tube  and  polyethylene  tubing  to  both  internal  carot¬ 
id  arteries.  The  left  subclavian  artery  was  ligated  close  to  the  aorta  and  the  brachio- 
cephalic  artery  just  distal  to  the  point  of  cannulation.  These  manipulations  bypassed 
the  circulation  to  the  fondegs,  neck  and  lower  jaw.  The  internal  mammary  and  sub¬ 
clavian  veins  were  occlinh'd.  .\n  “L”  shaped  cannula  was  inserted  into  the  superior 
vena  cava  via  the  azygos  vein.  Hy  means  of  a  “choke”  the  superior  vena  cava  could  be 
tighth’  compressed  around  the  cannula,  then'by  directing  blood  from  the  dog’s  head 
through  the  cannula.  Ihdween  collections  of  venous  blood  from  the  head,  blood  flowed 
around  the  cannula  into  the  right  atrium.  .\t  the  start,  the  “choke”  was  applied  to  the 
superior  vena  cava  so  that  blood  draining  the  head  was  diverted  through  the  “L” 
cannula  emerging  from  the  azygos  vein.  Immediately  after  the  control  sample  was  col¬ 
lected,  the  clami)s  on  the  femoral  arterial  eannulae  wi're  released  in  order  to  lower  the 
blood  pressure  to  50  mm.  Hg.  Thirty  seconds  after  the  clamps  ha(l  been  released,  three 
100  cc.  venous  sami)les  were  collected  at  thirty  second  intervals.  Thereafter,  the  “choke” 
was  released  and  sub-secpientlj'  api)lied  during  the  collection  of  venous  samjjles  taken 
aftt'r  more  extended  i)eriods.  .\rterial  blood  samples  were  collected  from  a  femoral 
artery  simultaneously  and  at  a  rate  regulated  to  coincide  with  the  collection  of  venous 
blood.  The  time  required  to  collect  each  100  cc.  samjjle  of  blood  was  measured  with  a 
stopwatch. 

RESULTS 

Recovery  of  rasopressitt  added  to  blood.  Tlie  mean  recovery  value  for 
arginine  vasopressin  added  in  the  form  of  U.S.P.  Posterior  Pituitary  Refer¬ 
ence  Standard  (0.47  U  mg.)  to  whole  blood  was  59.8  per  cent  with  a 
standard  error  of  ±1.40  (Table  1).  The  per  cent  of  vasopre.ssin  recovered 
was  essentially  independent  of  the  initial  concentration  over  the  range 
studied  (50  to  400  mU,  per  100  cc.  of  blood).  In  six  experiments,  partially 
purified  arginine  va.sopre.ssin  ((>5  U  mg.,  Wilson  lot  No.  110-127500)  was 
used,  and  similar  recovery  values  were  obtained.  In  order  to  determine 
whether  blood  components  interfered  with  the  pressor  bibassay,  “blank” 
blood  samples  were  carried  through  the  recovery  procedure.  The  potency 
estimates  of  known  quantities  of  vasopressin  dissolved  in  the  final,  concen¬ 
trated  column  eluates  (which  in  most  instances  contained  negligible  or 
immeasurable  amounts  of  pre.s.sor  material)  were  not  different  from  the 
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Table  1.  Recoveky  of  vasopressin  added  to  dog  blood 


ml’,  iier  100  cc.  of  lilooil 


(leterniinations 

Added 

Recovered 

l\*r  cent  recovered 

5 

50 

20 ±  2.5* 

52+5.0* 

11 

80 

.53+  1.2 

07  +  1  . 5 

0 

100 

57  ±  3.9 

57+3.9 

3 

100 

95+  9.7 

59  +  4.1 

7 

200 

117  +  14.9 

58  +2.8 

4 

400 

227+21  .0 

57  ±  1  . 7 

Mean  rpcovery  =  50 . 8  ±  1  .40%** 


*  Standard  error  calculated  for  the  mean  of  the  potency  estimates  of  individual  assays. 

**  Mean  ±standard  error  calculated  for  the  mean  of  the  potency  estimates  of  individual 
assays  for  80  recovery  experiments. 

potency  of  a  saline  solution  containing  tlie  same  amount  of  va.sopressin. 

Ejfect  of  Hemorrhage  on  the  Coneentralion  of  Vasopressin  in  Blood.  In 
Table  2,  are  presented  the  concentrations  of  pressor  material  in  blood  ob¬ 
tained  from  a  branch  of  the  jugular  vein  which  drained  the  cavernous 
sinus,  before  and  after  hemorrhage  of  the  dog  to  a  blood  pressure  of  approx¬ 
imately  50  mm.  Hg  (Procedure  A).  The  (luantity  of  pressor  material  in  the 
pre-hemorrhage  samples  was  either  not  detectable  or  very  small.  However, 
after  lowering  the  blood  pressure  to  50  mm.  Hg,  enough  vasopressin  could 
be  recovered  (<S0  to  497  mU.  100  cc.  blood)  for  preci.se  bioa.ssay  measure¬ 
ments.  The  concentration  given  (corrected  for  00%  recovery)  for  each 
experiment  represents  the  maximum  value  obtained  for  a  series  of  blood 
samples  collected  over  the  period  (up  to  5  hours)  during  which  the  blood 
pressure  was  maintained  at  50  mm.  Hg.  Approximations  of  the  pressor 
concentrations  in  arterial  blood  collected  over  the  same  time  interval  are 
also  recorded.  It  is  apparent  from  inspection  of  Table  2  that  considerable 
quantities  of  pressor  material  are  pre.sent  in  jugular  vein  blood  after  the 
blood  pressure  has  been  lowered  to  50  mm.  Hg.  The  concentration  of  pres¬ 
sor  activity  was  high  enough  in  the.se  samples  to  warrant  the  application  of 


Table  2.  Cg.ncentratiox.s  of  vasopressin  in  blood  of  dogs 

BEFORE  AND  AFTER  HEMORRHAGE 


Milliunits  Vasojiressin  per  100  cc. 

Experiment  Xo.  .Jugular  Vein** 

of  Blood* 

(kirotid  .\rtery 

ZtTO  Time 

Post  Hemorrhagejf 

Post  Ib'morrhage 

1  <10 

80  (  71  to  90) 

47 

2 

497  (403  to  533) 

95 

3  <10 

481  (4.58  to  .503) 

42  (37  to  48) 

*  .\11  values  have  lieen  eorreeted  for  a  reeovery  of  ()0%;  numbers  in  iiarenthesi's  represent 
95%  fidueial  limits. 

**  A  branch  which  drained  the  cavernous  sinus. 

#  In  Exp.  No.  1,  100  cc.  of  blood  was  collected  over  the  40th  to  .50th  minute  iiost  hemor¬ 
rhage  and  was  the  first  sample  taken;  K.xp.  Xo.  2,  collection  started  1  minute  after  opening 
the  arterial  clamps;  first  .50  ml.  collected  over  a  period  of  aiijiro.ximately  5  minutes;  last  50 
ml.  of  blood  requiring  55  minutes  more  to  collect;  Exp.  Xo.  started  5  minutes  post  hemor¬ 
rhage,  collected  over  a  period  of  ajiproximately  5  minutes. 
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additional  steps  for  the  purification  and  identification  of  this  pressor 
material. 

Identification  of  vasopressin  in  blood.  Tlie  l)iological,  cliemical  and 
chromatographic  properties  of  the  pressor  material  found  in  the  blood  of 
dogs  subjected  to  hemorrhage  support  the  conclusion  that  this  substance  is 
vasopressin.  The  biological  evidence  includes  the  observations  that  the 
head  is  the  .source  of  the  material  and  that  it  is  capable  of  eliciting  a  vaso¬ 
pressor  re.sponse  in  the  phenoxybenzamine-treated  rat.  In  addition,  the 
pressor  material  found  in  blood  after  hemorrhage  showed  chemical  aiul 
chromatographic  properties  which  were  (by  all  criteria  employed)  identical 
with  vasopressin.  For  example,  this  material  was  soluble  in  10%  TCA, 
in.soluble  in  ether,  stable  to  the  action  of  pepsin,  rapidly  inactivated  by 
trypsin  and  by  0.01  M  thioglycollic  acid  (pH  7.4),  and  readily  adsorbed 
onto  and  eluted  from  a  cation  exchange  resin  (XE-64)  under  conditions 
identical  with  those  observed  with  authentic  samples  of  vasopressin. 

In  a  .separate  experiment,  oOO  cc.  of  blood  was  collected  continuously 
over  a  period  of  19  minutes  from  a  branch  of  the  jugular  vein  (Procedure 
A)  beginning  ^10  .seconds  after  the  blood  pressure  had  been  lowered  to  oO 
mm.  Hg.  The  total  amount  of  vasopressor  material  recovered  was  712  (Gr)8 
to  780)  mU.  When  an  aliquot  of  this  material,  (UO  (.587  to  702)  mU.,  was 
adsorbed  onto  carboxymethyl  cellulo.se  (0.9X10  cm.,  0.02  M  ammonium 
acetate,  pH  0.0)  and  eluted  by  a  continuous  gradient  elution  procedure 
(6),  292  (272  to  .818)  mU.  of  pressor  material  emerged  as  a  .single  sharp  peak 
in  approximately  the  same  position  previously  observed  with  either  highly 
purified  vasopressin  or  crude  hypophy.seal  extracts  (7,  8). 

Time  course  and  rate  of  discharge  of  vasopressin  into  blood  after 
hemorrhage.  In  order  to  obtain  some  measure  of  the  rate  of  discharge  of 
va.sopre.s.sin  and  of  the  total  amount  of  this  hormone  appearing  in  the  blood 
after  lowering  the  blood  pre.s.sure  to  .50  mm.  Hg,  Procedure  B  was  adopted. 
In  these  experiments,  practically  all  blood  draining  the  head  was  collected 
and  rate  of  flow  mea.sured.  The  time  course  of  changes  in  the  concentration 
of  vasopre.ssin  in  the  blood  obtained  from  the  superior  vena  cava  after 
hemorrhage  is  shown  in  Figure  1.  Approximations  of  arterial  blood  samples 
are  also  given.  During  the  first  few  minutes  following  hemorrhage  there  is  a 
massive  discharge  of  va.sopres.sin  into  the  blood.  Since  the  time  recjuired  to 
collect  each  100  cc.  sample  was  also  determined,  an  approximate  rate 
(mU./min.)  may  be  calculated.  For  the  two  experiments,  the  highest  rate 
of  discharge  of  vasopressin  observed  coincided  with  the  peaks  of  activity 
shown  in  Figure  1,  and  was  estimated  to  be  approximately  142  and  297 
mU.  min.,  respectively.  In  a  third  experiment  not  shown,  the  massive  dis¬ 
charge  of  vasopressin  following  hemorrhage  was  not  observed.  However, 
this  dog  was  obviously  in  poor  condition  as  indicated  by  the  fact  that  the 
blood  pre.ssure  dropped  to  .50  mm.  Hg  after  only  100  cc.  of  blood  entered 
the  pressure  bottle. 
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Fig.  1.  Time  course  of  discharge  of 
vasopressin  into  tlie  blood  of  dogs  whicli 
have  been  rapidly  bli-d  an<l  maintained 
at  a  blood  pressure  of  .70  mm.  Hg. 

O _ O,  dog  No.  1;  • _ •, 

dog  No.  2. 

Experiment  ])erformed  as  described  in 
the  text  (Procedure  H);  venous  blood  ob¬ 
tained  from  the  superior  vena  cava; 
arterial  blood  from  a  femoral  artery.  Bleed¬ 
ing  initiated  at  zero  time;  vertical  bars 
reiiresent  95  per  cent  fiducial  limits  of 
potency  estimate;  all  values  have  been 
corrected  for  a  recovery  of  00  per  cent. 

Points  are  jilotted  at  the  middle  of  the 
interval  required  to  collect  each  100  cc. 
blood  sample.  These  collection  times  in 
minutes  were  for  dog  No.  1 :  control  sam- 
l)le,  0.30,  j)ost  hemorrhage.  0.3(),  1.0,  2.10, 
2.4,  and  1.3S;  for  dog  No.  2:  control  sam¬ 
ple,  0.23;  jiost  hemorrhage,  0.93,  1.33,  1.1, 
0.S8,  and  0..58. 


DISCUSSION 

The  procedure  for  the  recovery  of  va.sopressin  in  blood  described  in  this 
report  represents  modifications  of  techniipies  devi.sed  for  the  isolation  of 
labeled  vasopre.ssin  from  the  hypothalamus  and  the  neurohypophysis  of  the 
dog  (7,  S).  The  mean  recovery  of  vasopressin  added  to  blood  was  approxi¬ 
mately  ()()  per  cent  and  appeared  to  be  independent  of  the  initial  concentra¬ 
tion  (.50  to  400  mU.  lOOcc,  blood).  An  important  advantage  of  the  extrac¬ 
tion  procedure  is  the  considerable  specificity  which  is  conferred  as  a  result 
of  the  nature  of  the  chemical  and  chromatographic  steps  involved.  The 
sensitivity  of  the  pressor  assay  employed  determined  the  lower  limits  of 
concentration  of  hormone  that  could  be  estimated.  Sensitive  antidiuretic 
as.says  (cf.  2,  R)  may  extend  the  application  of  the  procedure  to  relatively 
low  concentrations  if  the  extraction  procedure  recovers  approximately  the 
same  percentage  of  hormone  as  described  above.  Furthermore,  the  extrac¬ 
tion  procedure  may  in  all  likelihood  be  applied  to  the  determination  of 
oxytocin  in  blood. 

Kelativ’ely  large  (piantities  of  vasopressor  material  appeared  in  the 
effluent  blood  from  the  cavernous  sinus  in  respon.se  to  the  stimulus  of 
lowering  the  blood  pres.sure  to  .50  mm.  Hg,  These  results  confirm  reports 
from  a  number  of  laboratories  dealing  with  the  discharge  of  antidiuretic 
.substance  into  the  blood  after  liemorrhage  (A,  9,  10).  However,  the  con¬ 
clusions  reached  in  the.se  reports  must  he  qualified  becau.se  of  the  failure  to 
demonstrate  the  specificity  of  the  methods  employed.  The  biological, 
chemical,  enzymatic  and  chromatographic  data  obtained  in  the  pre.sent 
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study  offer  convincing  evidence  that  the  vasopressor  material  that  we  are 
dealing  with  is  indeed  the  hormone,  vasopressin. 

The  results  of  our  initial  experiments  wherein  blood  was  collected  from 
a  branch  of  the  jugular  vein  suggested  that  the  concentration  of  vasopres¬ 
sin  in  the  blood  reached  its  peak  activity  early  after  the  blood  pressure  was 
lowered  to  50  mm.  Ilg  (cf.  Reference  10).  These  results  were  confirmed  by 
extraction  and  assay  of  blood  samples  collected  from  the  superior  vena 
cava.  The  massive  discharge  of  vasopressin  within  a  few  minutes  after 
lowering  the  blood  pressure  was  striking  (Figure  1).  Since  the  time  re- 
(piired  to  collect  each  100  cc.  sample  was  also  determined  (See  Legend, 
Figure  1),  an  approximate  rate  (mU.  min.)  may  be  calculated.  For  the 
two  experiments,  the  area  under  the  curve  for  a  plot  of  mU.  min.  versus 
time  (corrected  for  the  arterial  concentrations)  gave  1,270  and  1,900  tota 
niL’.,  respectively,  discharged  over  a  period  of  twenty  minutes.  The  magni¬ 
tude  of  this  outpouring  of  vasopressin  into  blood  becomes  all  the  more 
significant  in  view  of  the  reasonable  assumption  tliat  these  numbers  repre¬ 
sent  minimal  values  (not  taken  into  account  is  the  drainage  of  blood  from 
the  head  via  pathways  other  than  those  leading  into  the  superior  vena 
cava). 

If  the  observed  massive  discharge  of  vasopressin  into  blood  reflects  the 
synthetic  activity  of  the  hypothalamo-neurohypophyseal  system  then  the 
rate  of  synthesis  of  vasopressin  after  hemorrhage  would  be  .sev’eral  orders 
of  magnitude  greater  than  the  estimated  resting  value  (11).  This  question 
may  be  investigated  by  the  application  of  tracer  methods  used  for  the 
study  of  the  incorporation  of  S*®  labeled  cystine  into  vasopressin  (7,  8). 

.4  cknowlcdgcmcnt 

The  authors  would  like  to  aeknowledKe  the  expert  technical  assistance  of  Mr.  Robert 
Hughes  and  are  most  j^rateful  to  Dr.  George  Sa\’ers  for  his  assistance  in  the  preparation 
of  the  manuscript. 


REFERENCES 

1.  Thor.v,  H.  .\.:  Physiol.  Rev.  38:  1(59.  1958. 

2.  V.\N  Dykk,  H.  R..  K.  Adamson,  ,Jr.  and  S.  L.  Engkl:  Rec.  Prog.  Hormone  Research 
11:  1.  19.5.5. 

3.  Rar.atz,  R.  AND  R.  C.  Ingraham:  Proc.  Soc.  Exper.  Biol.  &  .Med.  100:  296.  1959. 

4.  Hirs,  C.  H.  \V.,  S.  Moork  and  W.  .1.  Stkin:  J.  Biol.  Chem.  200:  493.  1953. 

.5.  Dixon,  II.  B.  F.  and  M.  P.  Stack-Dunnk:  Biochem.  J.  61:  483.  19.55. 

6.  Ward,  D.  M.  and  R.  Guillemin:  Proc.  Soc.  Exper.  Biol.  &  Med.  96:  568.  1957. 

7.  Sachs,  IE:  Biochem.  Biophys.  .\cta  34:  572.  1959. 

8.  Sachs,  H.:  J.  Xeurochem.  In  Press. 

9.  Ginshurg,  M.  and  H.  Heller:  J.  Endocrinol.  9:  274.  1953. 

10.  Ginsburg,  M.  and  L.  M.  Brown:  Proceedings  of  the  Eighth  Symposium  of  the 
C'olston  Research  Society:  Butterworths  Scientific  Publications,  London,  1957, 
p.  109. 

11.  Shannon,  J.  A..  J.  Exper.  .Med.  76:  387.  1942. 


WORK  PERFORMANC’K  OF  A  RAT  HFART-LUNC;  PREPA¬ 
RATION:  STANDARDIZATION  AND  1NFLFEN('E 
OF  (X)RTI(X)STEROIDS‘-= 

(IFOHCJE  SAYERS  and  NEIL  SOLOMON'^ 

Department  of  Physiology,  llVs/cr^j  Reserve  University  School  of  Medicine,  Cleveland,  Ohio 

ABSTRACT 

Kxp(‘rini(‘ntal  conditions  have  been  estaldished  for  the  ojjeration  of  a  rat 
heart-luiiK  i)reparation  which  result  in  a  liinh  degree  of  uiuforndty  of  work  per¬ 
formance  as  measured  l)y  left  ventricular  work  index  (LVWI)  (proportional  to 
the  i)roduct  of  cardiac  output  and  mean  arterial  blood  pressure).  At  a  per¬ 
fusion  blood  temperature  of  37°  C  heart  rate  was  higher  and  left  ventricular 
work  index  lower  than  at  32°  C\  Peripheral  resistance  was  adjusted  to  give  an 
analysis  of  the  work  performance  of  the  heart-lung  at  three  different  levels  of 
mean  arterial  blood  i)ressure:  80,  1 10.  and  130  mm.  Hg.  The  lower  the  pressure, 
the  greater  LVWI.  Heart  rate  was  not  influenced  by  alterations  in  peripheral 
resistance. 

LVWI  was  less  in  heart-lung  prejiarations  perfused  with  blood  from  adrenal- 
ectomized  rats  than  in  preparations  perfused  with  blood  from  intact  rats.  Corti¬ 
costerone,  cortisol  or  aldosterone  was  added  to  perfusion  blood  from  adrenalec- 
tomized  rats  to  yield  a  concentration  of  10  /ig.,  10  /xg.  and  3.2  X  HV-  /xg.  per  100 
ml.,  respective!}’.  These  corticosteroids  increas('d  LVWI.  On  the  other  hand, 
neither  Substance  S  nor  tetrahydrocortisol  at  10  g.  per  100  ml.  had  an  effect 
on  LVWI. 

A  wide  range  of  concentrations  (2,  10,  50,  and  500  /ag.  i)er  100  ml.)  of  cor¬ 
ticosterone  and  of  tetrahydrocortisol  was  tested  in  the  rat  heart-lung  at  a  i)er- 
fusion  blood  temi)erature  of  32°  C  and  of  37°  (’.  Tetrahydrocortisol  did  not 
increase  LVWI  at  any  concentration  tested.  At  high  concentrations,  this  ster¬ 
oid  decrease<l  LVWI;  the  inhibitory  concentration  at  32°  C  was  less  than  the 
inhibitory  concentration  at  37°  C. 

C’orticosterone  was  effective  in  increasing  LVWI  at  a  concentration  of  2  )ug. 
per  100  ml.  at  32°  C,  but  was  ineffective  at  this  concentration  at  37°  (’.  .\t  the 
higher  temperature,  corticosterone  exerted  a  stimulatory  action  in  a  concen¬ 
tration  of  10  /xg.  per  100  ml.  High  concentrations  of  corticosterone  were  in¬ 
hibitory,  and  as  in  the  case  of  tetrahydrocortisol,  the  iidubitory  concentration 
was  less  for  the  heart-lung  o])erating  at  32°  C  than  at  37°  ('.  These  observations 
indicate  that  the  stimulatory  and  inhibitory  concentrations  of  corticosterone 
in  the  rat  heart-lung  are  temperature  dejjendent. 
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IX  A  previous  eommunicatiou  from  this  laboratory  (1)  a  rat  heart-limg 
preparation  has  l)eeii  described.  The  preparation  was  characterized  by 
relatively  hi}j;h  reproducibility  of  work  performance  and  by  re.sponsiveness 
to  the  titer  of  corticosteroids  in  the  perfusion  blood.  Additional  (piantita- 
tive  .studies  have  yielded  more  precise  information  as  to  factors  .such  as 
peripheral  resistance  and  temperature  of  perfusion  blood  which  influence 
the  work  performance  of  this  isolated  sy.stem.  The  corticosteroids  which 
exert  a  stimulatory  action  on  the  heart-lung  have  now  been  demonstrated 
to  include  corticosterone,  cortisol,  and  aldosterone. 

METHODS 

The  ('ssential  foaturt's  of  the  isolated  rat  heart-luns  are  illustrated  in  Fi>>;ure  1 .  The 
pulmonary  vaseulatun*  was  in  the  eireuit,  hut  the  lungs  were  not  ventilated  and  re- 
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Fig.  1.  Diagrammatic  scheme  of  rat  heart-lung  i)reparation.  Arrows  show  direction 
of  blood  flow.  Numbers  correspond  to  the  following:  1,  ('annulated  Inferior  Vena  (’ava; 
2,  Right  Ventricle;  3,  Pulmonary  Artery;  4,  Lung;  o,  Pulmonary  Vein;  (5,  Left  Ventricle; 
7,  Aorta;  8,  Cannulated  Right  Common  Carotid  .Vrtery;  9,  Mercury  Manometer;  10, 
Peripheral  Resistance  Clamp;  11,  Rubble  Flow  Meter;  12,  Screen  Oxygenator;  13,  Con¬ 
stant  Temperature  Water  Bath;  14,  Cannulated  Superior  Vena  Cava;  15,  Saline  |Ma- 
nometer. 
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maiiu'd  pollapsod  during  tlu*  course  of  an  experiment.  The  blood  was  oxygenati'd  on  a 
screen  oxygenator. 

.Mean  arterial  pressure  was  maintained  at  a  preselected  level  during  the  course  of  an 
experiment  by  a<ljustment  of  the  peripheral  resistance  clamp  (Fig.  1).  Cardiac  output 
was  measured  at  frecpient  intervals  until  the  prej)aration  could  no  longer  expt'l  blood 
at  the  preselected  level  of  artc'rial  pressure.^  The  measure  of  work  ix'rformanci',  left 
ventricular  work  index  (LVWl),  is  proportional  to  the  product  of  the  sum  of  the  car¬ 
diac  outputs  of  succe.ssive  intervals  and  the  mean  arterial  blood  pressure  (M.\HP). 
LVWI  =i;(C  ()t)(.M.VRP)(K),  in  which  C  Ot  is  the  cardiac  output  for  a  given  interval 
t;  w(C  O,)  is  the  sum  of  the  cardiac  outputs  in  ml.  for  the  successive  intervals;  M.\BP 
is  expres.sed  in  mm.  Hg.  (constant  for  a  given  experiment);  K,  a  conversion  factor  equal 
to  0.0136,  is  used  to  expre.ss  LVWl  as  gram- .Meters  of  work.  (See  Legend  to  Fig.  2  for 
calculation  of  LVWl).  LVWl  docs  not  include  that  fraction  of  left  ventricular  work  re¬ 
quired  to  perfuse  the  coronary  arteries  or  that  fraction  of  left  ventricular  work  required 
to  accelerate  the  blood  in  its  exit  from  the  left  ventricle.  For  these  reasons  the  evalua¬ 
tion  of  the  performance  of  the  left  ventricle  calculated  by  the  above  equation  is  desig¬ 
nated  an  index. 

.Vverage  heart  rate  was  calculated  from  E('(i  recordings  taken  at  30  minute  intervals. 
Right  atrial  pressure^  was  recorded  by  means  of  a  saline  manometer  connected  to  a 
cannula  in  the  superior  vena  cava;  the  tip  of  the  cannula  was  at  the  level  of  the  right 
atrium. 

-Mbino  male  rats  weighing  320-370  grams  were  obtained  from  the  Holtzman  Farms 
and  acclimatized  for  at  least  one  week  prior  to  their  use  as  blood  donors  or  as  animals 
from  which  heart-lungs  were  prepared.  Bilateral  adrenalectomy  was  perfornu'd  two  to 
three  weeks  before  the  isolation  of  the  heart-lung;  certain  animals  were  subjected  to 
sham  adrenalectomy.  The  anesthetic  for  all  surgical  ])rocedures  was  sodium  ])ento- 
barbital,  40  mg.  Kg.,  admini.stered  intraperitoneally  as  a  one  |)ercent  acpieous  solution. 
.Vdrenalectomized  animals  were  maintained  post-oi)eratively  on  0.9%  sodium  chloride 
solution;  sham  adrenalectomized  animals  drank  tap  water,  lioth  groups  were  housed 
in  a  constant  temperature  room  for  at  least  two  weeks  before  isolation  of  the  heart-lung. 
They  were  fed  Purina  laboratory  chow  ad  libitum.  Comijlcteness  of  adrenalectomy  was 
checked  by  inspection  of  tin*  suprarenal  area. 

Perfusion  blood  was  withdrawn  from  the  abdominal  aortae  of  lu'parinized  donor 
rats.  Ethanol  solutions  of  the  steroids  were  pipetted  into  siliconized  100  ml.  beakers  and 
dried  under  vacuum.  The  jjerfusion  blood  was  then  added  to  the  dried  st(“roid,  stirrcal 
gently,  and  transferred  to  the  heart-lung.  The  tubing,  the  screen  oxygenator,  the  stop¬ 
cocks,  the  hypodermic  needles  and  all  glassware  were  siliconized. 

The  influences  of  seasonal  variation  and  endemic  infections  wen*  minimized  by  ar¬ 
ranging  the  experiments  in  a  rotation.  For  example,  in  an  experiment  designed  to  deter¬ 
mine  the  influence  of  temperature  on  LVWl  the  following  secpience  was  replicated  until 
there  were  12  prei)arations  in  each  group:  Intact-Intact  (heart-lung  from  intact  rat  per¬ 
fused  with  blood  from  intact  rats)  at  a  perfusion  blood  temj)erature  of  32°  C';  Intact- 
Intact  at  37°  C;  Intact-.Vdrenalectomized  (heart-lung  from  intact  rat  perfused  with 
blood  from  adrenalectomizi'd  rats)  at  32°  C;  Intact-.Vdrenalectomized  at  37°  (’.  In  cer¬ 
tain  instances  the  design  was  modified  as  the  experiment  progressial  and  additional 
groups  were  introduced  into  the  sequence.  The  values  for  LVWl  in  'I'able  1  were  calcu¬ 
lated  by  pooling  all  data.  The  conclusions  reached  are  not  different  from  those*  base'd 

*  If  the  resistance  clamp  was  a«ljust(‘d  for  a  lower  mean  arterial  blood  pressure,  the 
jjreparation  expelled  blood  for  an  additional  period. 

®  Under  all  experimental  conditions  of  this  study,  right  atrial  jeressure  invariably 
increased  as  cardiac  output  decreased  (See  Fig.  2  for  two  tj  pical  experiments).  For  this 
reason  no  further  reference  to  right  atrial  pressure  will  be  made. 
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Table  1.  Average  LVWT  of  isolated  heart-li  ng 


(Irouj) 

Steroid 

adiled 

Cone. 

lig./lOO 

ml. 

Average 
LVWI  gram- 
Meters  per 
100  mg.  heart 

No. 

jirepara- 

tions 

Standard 
1  )evia- 
tion 

Coef. 
variation 
in  % 

Experiment  M 

ean  Arterial  Blood  Pressure,  80  mm. 

Hg;  Tern 

perature,  i: 

i7°  C. 

1-Intact-Intact* 

— 

— 

444 

12 

106 

44 

2-Intact-Adrenx’ 

— 

— 

136 

6 

108 

70 

Experiment  B.  Mean  Arterial  Blood  Pressure,  110  mm.  Hg;  Temperature,  32° 

C. 

3-Intact-Intact 

— 

— 

051 

12 

343 

36 

4-Intact-.\drenx 

— 

— 

401 

12 

152 

31 

5-Intact-.\drenx 

B< 

2 

803 

7 

213 

27 

()-Intact-.\drenx 

B 

10 

674 

0 

153 

23 

7-Intact-.4drenx 

B 

50 

303 

7 

85 

28 

8-Intact-.\drenx 

B 

500 

116 

7 

40 

34 

9-Intact-.\drenx 

THF5 

2 

461 

7 

104 

10-Intact-.4drenx 

THF 

id 

488 

5 

06 

20 

1 1-Intact-Adrenx 

THF 

50 

263 

5 

40 

10 

12-Intact-Adrenx 

THF 

500 

282 

5 

5() 

25 

13-Intact-.\drenx 

S* 

10 

510 

5 

1 12 

22 

14-Intact-.\drenx 

F* 

10 

867 

3 

168 

10 

Fixperiment  C.  Mean 

Arterial  Blood  Pressure,  110  mm.  Hg;  Temperature,  37 

“  c. 

15-Intact-Intact 

— 

268 

12 

100 

37 

l(>-Intact-.\drenx 

— 

— 

02 

12 

42 

45 

17-Intact-.\drenx 

B* 

2 

102 

13 

54 

53 

18-Intact-.\drenx 

B 

id 

232 

12 

03 

40 

19-Intact-.\drenx 

B 

50 

88 

13 

36 

41 

20-Intact-Adrenx 

B 

500 

38 

12 

17 

46 

21-Intact-.\drenx 

THFs 

2 

06 

7 

20 

31 

22-Intact-Adrenx 

THF 

10 

103 

7 

32 

31 

23-Intact-Adrenx 

THF 

50 

00 

7 

27 

30 

24-Intact-.\drenx 

THF 

500 

70 

10 

38 

54 

25-Intact-.\drenx 

S‘ 

10 

101 

7 

27 

26 

26-Intact-.Adrenx 

F* 

10 

244 

3 

57 

23 

Experiment  1).*  Mea 

n  Arterial  Blood  Pressure,  130  mm. 

Hg;  Temperature,  3 

7“  C. 

27-Intact-Intact 

— 

— 

160 

12 

63 

37 

28-Intact-.Adrenx 

— 

— 

42 

10 

33 

70 

20-Intact-.\drenx 

Aldo.» 

5  XIO 

’  74 

4 

34 

46 

30-Intact-.\drenx 

Aldo. 

5.2X10- 

*  108 

4 

38 

10 

'  Data  obtained  from  previous  publication  (1). 

*  Intact-Intact  =  heart  lung  preparation  from  intact  rat  perfused  with  blood  from  intact 
rats. 

’  Intact- Adrenx  =  heart-lung  jireparation  from  intact  rat  perfused  with  blood  from 
adrenalectomized  rats. 

*  B  =  Kendall’s  Compound  B,  Corticosterone,  (A‘-pregnene-l  1/3,  21-diol-:i,  20-dione). 

‘  THF  =  Tetrahydrocorti.sol,  (pregnane-lla,  110,  17a,  21-tetrol-2()-one). 

*  S  =  Keichstein’s  Substance  S,  (A^-pregnene-17a,  2 l-diol-3, 20-dione). 

’  F  =Cortisol  (A‘-pregnene-l  Id, 17a, 21-triol-3, 20-dione). 

*  Results  obtained  by  Miss  Kathyrn  Ballard. 

*  .\ldo.  =  Aldosterone,  (A‘-pregnene-l  l/3,21-diol-18-al-3,20-dione). 


on  individual  studios  conducted  at  dilTcrcnt  times  within  a  period  of  three  months. 

In  a  series  of  eleven  heart-lung  preparations  from  rats  housed  at  a  relatively  higl 
and  fluctuating  environmental  temperature  (26.5  to  35°  C)  for  a  two-week  period 
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Fig.  2.  Cardiac  output  (left  ordinate)  and  right  atrial  pre.ssure  (right  ordinate)  plotted 
against  time  (abscissa)  for  two  typical  experiments.  Mean  arterial  blood  pressure,  110 
mni.  Hg.;  perfusion  temiierature,  32°  C.  Area  under  each  curve  is  related  by  a  constant 
to  LVWI.  Data  and  calculation  of  LVWI  for  the  Intact-Intact  preparation  follows: 

Intact-Intact  Preparation :  MAIiP,  110  mm.  Hg;  pcrfnnion  temperature,  32°  C 
Time  min.  CO  ml'./min.  Average  C^O*  ml. /min.  C  Ot  ml. 


0 

20 

40 

00 

80 

100 

120 

140 

160 

170 

171 

172 


10 

10 

10 

0.8 

0.6 

8.4 

7.8 

6.8 
4 .6 
3.0 
0 

2.82 


10  -  200 

10  -  200 

0.0 -  108 

0.7 -  104 

0.0  -  - -  180 

8.1  -  -  162 

7.3  -  146 

5.7  -  - 114 

3.8  -  38 

SIC  (),)  =  1432  ml. 


LVWI  =i:(C(),)  (.MABl*)  (K) 

=  (1432)(110)(0.0136) 

=  2142  gram-Meters’ 

*  .\verage  cardiac  output  is  obtained  by  averaging  two  succe.ssive  cardiac  output  readings. 

2  Despite  maximum  tension  on  the  resistance  clamp,  the  mean  arterial  blood  pressure 
could  not  be  maintained  at  the  preselected  level  of  1 10  mm.  Hg.  Reduction  in  resistance  fora 
pressure  of  80  mm.  Hg  resulted  in  continued  performance. 

2  Dry  heart  weighed  230  mg.  LVWI  may  be  expressed  as  gram-Meters  jier  100  mg.  flry 
heart.  In  this  case  LVAVI  equals  2141  gram-Meters X  100/230  =031  gram-Meters  per  100 
mg.  dry  heart. 


724 


SAYERS  AND  SOLOMON 


Volume  66 


LVWI  was  sifinifieantly  loss  than  that  of  hoart-lung  proi)arations  from  a  series  of  rats 
housed  at  25.5 ±0.6°  C.  Respiratory  infeetion  as  judKod  by  sniffles,  by  rales,  and,  more 
definitively,  by  hemorrhasie  eonsolidation  of  the  e.xposed  lungs,  was  assoeiated  with  a 
markedly  reduec'd  perfornianee  of  the  heart-lung  preparation. 

The  eoeffieient  of  variation  (standard  deviation  divided  by  the  mean  times  100)  of 
LVWT  for  the  heart-lung  jm'parations  deseribed  in  this  study  has  been  relatively  uni¬ 
form  for  a  varic'ty  of  ex|)erimental  eonditions  (Table  1,  Experiments  B  and  C).  The 
average'  eot'ffieient  of  variation  for  Experiments  B  and  C  is  32%  and  the  individual  eo- 
effieients  fall  within  a  relatively  narrow  range  (19  to  53%).  On  the  other  hand,  the  mag¬ 
nitude  of  the  standard  deviations  of  these 
same  experiments  j)arallels  the  absolute 
value  of  the  LVWI  (Figure  3).  For  these* 
reasons  the  eoeffieient  of  variation  has 
been  aeee|)ted  as  the  means  by  whieh 
to  evaluate  the  degree  of  standardiza¬ 
tion  attained.  Another  objeetivT'  ap- 
proaeh  to  the  evaluation  of  the  homoge'- 
neity  of  a  group  of  rats  is  the  range  of 
the  initial  eardiae  outi)ut.  At  a  mean 
arterial  blood  j)re.ssure  of  1 10  mm.  Hg. 
and  a  perfusion  blood  tenijn'rature  of 
37°  C',  initial  eardiae  outi)ut  ranged 
from  8.0  to  12.5  ml.  per  minute  in  a 
grouj)  of  aeelimatized,  healthy  rats.  At 
the  same  temperature'  and  jjressure,  in¬ 
itial  eardiae  output  is  usually  8.0  ml.  or 
less  iH'r  minute  for  heart-lung  prepara¬ 
tions  from  rats  with  a  respiratory  infee¬ 
tion.  Preparations  exhibiting  an  initial 
eardiae  outjjut  of  8.0  or  h'ss  ml.  per  min¬ 
ute  were  not  ineludeel  in  the  tabulate'd 
averages  (Table  1).  If  a  relatively  large* 
number  of  j)reparatie)ns  exhibit  a  hew  in¬ 
itial  eareliae  outi)ut,  e’xpe'riments  are*  sus- 
l)eneleel  until  a  new  eeeleeny  of  healthy  rats 
has  been  establishe'el. 
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Fig.  3.  LVWI  plotte*el  against  staneiarel 
eleviation  (X)  anel  against  eoeffieient  of 
variation  (O).  Experiments  B  anel  C 
(Table  1)  are  re*pre*.sente*el. 


RESULTS  AND  DISCUSSION 

Tlie  early  studies  of  Kvans  (2),  of  Starling  and  Visseher  (8)  and  the  more 
recent  observations  of  Keissinann  and  Van  Citters  (4)  have  clearh’ demon¬ 
strated  that  the  temperature  of  the  perfusion  blood  and  the  resistance  to 
flow  exert  profound  influences  upon  the  usual  parameters  employed  to 
asse.ss  the  functional  capacity  of  the  dog  heart-lung  preparation.  As  ex¬ 
pected,  and  as  will  be  illustrated  by  the  data  pre.sented  in  the  first  two  parts 
of  this  section,  temperature  and  MABP  significantly  influence  the  work 
performance  of  the  rat  heart-lung.  Maintenance  of  temperature  and  of 
MABP  constant  throughout  the  performance  of  the  heart-lung  established 
favorable  conditions  for  evaluating  the  influence  of  the  corticosteroids  on 
this  isolated  preparation,  which  subject  forms  the  body  of  the  third  part  of 
this  section  of  the  paper. 
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/.  Temperature  of  perfusion  blood  and  performance  of  the  heart-lung.  In 
tlie  case  of  Intact-Intact  preparations,  operating  at  1 10  min.  Ilg  and  a  per¬ 
fusion  l)lood  temperature  of  32°  C,  LVWI  equalled  Ool  +343  gram-AIeters 
(Table  1,  (Jroup  3).  When  the  temperature  of  the  perfusion  blood  was  ele¬ 
vated  to  37°  C,  other  conditions  remaining  the  same,  LVWI  was  markedly 
reduced  (2()S  +  100,  (Jroup  15).  In  the  case  of  Intact-Adrenalectomized  prep¬ 
arations,  operating  at  110  mm.  Ilg  the  same  dramatic  effect  of  tempera¬ 
ture  was  observed  (401  ±152,  (Jroup  4  at  32°  C  and  92  ±42,  (Jroup  10  at 
37°  C).  Average  heart  rate  was  322  ±0.0  (04  of  the  preparations  in  l']xperi- 
ment  C,  Table  1)  when  the  perfusion  blood  was  maintained  at  37°  C,  and 
225  ±8.9  (40  preparations  of  hixperiment  B)  when  the  perfusion  blood  was 


Fig.  4.  Cardiiu'  output  plottcil  against  time  for  two  typical  Intact-Adrcnalcctomizcd 
preparations,  one  jierfused  witli  hlood  at  37°  (',  tlie  otlier  perfused  with  blood  at  32°  C. 
MARP,  ecpialled  110  nun.  Ilg. 

maintained  at  32°  C.  Since  initial  cardiac  output  was  the  same  at  the  two 
temperatures,  initial  stroke  volume  was  greater  at  the  lower  temperature. 
Figure  4  illustrates  the  subseejuent  course  of  events  during  two  typical  ex¬ 
periments,  one  at  32°  C,  the  other  at  37°  C.  It  is  obvious  that  cardiac  out¬ 
put  decreases  more  rapidly  at  the  higher  temperature.  From  the  standpoint 
of  standardization,  it  is  obvious  from  the  data  that  the  temperature  of  the 
perfusion  blood  must  be  maintained  within  a  relatively  narrow  range.  In 
all  experiments  included  in  Table  1,  temperature  was  maintained  within 
±  1°  C. 

2.  Peripheral  Resistanee  (the  Determinant  of  MABP)  and  Performance  of 
the  Heart-Lung.  As  stated  in  the  section  on  methods,  peripheral  resistance 
was  periodically  adjusted  to  maintain  MABP  at  a  preselected  level.  LVWI 
was  determined  for  three  levels  of  pressure,  SO,  110,  and  130  mm.  llg.  In 
both  Intact-Intact  preparations  and  Intact-Adrenalectomized  prepara¬ 
tions,  LVWI  decreased  as  pressure  increa.sed  (Table  1,  ef.  (Jroups  1,  15,  and 
27;  2,  10,  and  28).  In  Figure  5,  the  .sequence  of  changes  in  cardiac  output 
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with  time  for  the  tliree  pressures  studied  is  graphically  presented.  Ob¬ 
viously  the  MAHP  at  which  the  rat  heart-lung  preparation  operates  has  a 
pronounced  influence  on  LVWI.  In  studies  designed  to  test  the  influence  of 
the  corticosteroids,  peripheral  resistance  was  adjusted  to  maintain  the 
pressure  fixed  at  a  preselected  level  for  any  given  experiment, 
d.  Corticosteroids  and  Performance  of  the  Heart-Lung, 
a.  Perfusion  blood  from  intact  and  from  adrenalectomizcd  rats.  In  a  previ¬ 
ous  study  from  this  laboratory  (1),  it  was  demonstrated  that  the  LVWI  of 
heart-lungs  from  intact  rats  was  influenced  by  the  source  of  perfusion 
blood.  At  a  temperature  of  .‘17°  C  and  at  a  mean  arterial  blood  pressure 


Fig.  5.  Cardiac  outi)ut  plotted  against  time  for  a  mean  arterial  blood  pressure  of  SO, 
of  110  and  of  130  mm.  Hg  (a  typical  experiment  from  each  of  the  following  Groups: 
1,  2,  1,5,  16,  27  and  2S,  Table  1).  Perfusion  blood  tempc'arture  was  .37°  C  for  all  j)re])a- 
rations.  Heart  rate  was  not  inflinmeed  by  the  level  of  the  MABP. 


of  80  or  110  mm.  Ilg,  LVWI  was  less  in  preparations  perfused  with 
blood  from  adrenalectomized  rats  than  in  preparations  perfused  with 
blood  from  intact  animals.  The  results  of  a  new  series  at  37°  C  and  a 
pressure  of  110  mm.  Hg  are  presented  in  Table  1  {cf.  Groups  1,5  and  10) 
and  confirm  the  results  of  the  earlier  study.  The  comparison  has  been 
extended  to  another  temperature  and  to  another  pressure.  At  a  per- 
fu.sion  temperature  of  32°  C  and  a  pressure  of  110  mm.  Hg,  blood  from 
adrenalectomized  rats  was  associated  with  lower  LVWI  than  blood 
from  intact  rats  (cf.  Groups  3  and  4).  At  a  temperature  of  37°  C  and 
a  pre.s.sure  of  130  mm.  Hg,  blood  from  adrenalectomized  rats  was  again 
ob.served  to  be  associated  with  low  LVWI  {cf.  Groups  27  and  28).  In  all  in¬ 
stances  cited  above,  initial  cardiac  output  has  been  remarkable  uniform 
and  differences  in  LVWI,  be  they  associated  with  changes  in  temperature 
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of  perfusion  blood,  in  mean  arterial  blood  pressure,  or  in  source  of  perfusion 
l)lood,  represent  differences  in  duration  of  function  of  the  preparation. 
However,  at  130  mm.  Ilg,  the  Intact-Adrenalectomized  preparation  in 
many  instances  exhibited  a  distinguishing  feature,  namely,  relatively  low 
initial  cardiac  output  (Figure  o)  and  the  low  LVWI  of  this  preparation  may 
be  ascribed  to  low  initial  cardiac  output  as  well  as  to  short  duration  of 
function. 

These  observations,  which  cover  a  fairly  wide  range  of  experimental  con¬ 
ditions,  clearly  demonstrate  that  blood  from  adrenalectomized  rats  is  de¬ 
ficient  in  a  cardiotonic  substance  or  contains  a  cardiac  depressant.  The  re¬ 
sults  on  addition  of  crystalline  steroids  {vide  infra)  indicate  that  at  least  one 
major  factor  responsible  for  the  relative  ineffectiveness  of  blood  from  ad¬ 
renalectomized  rats  is  a  deficiency  of  corticosteroids. 

h.  Corticosteroids:  structure  activiti)  relationship.  The  results  of  the  present 
study  confirm  those  of  an  earlier  report  from  this  laboratory  (1)  that  corti¬ 
costerone  has  a  stimulatory  action  on  the  heart-lung  preparation.  Cortico¬ 
sterone,  added  to  perfusion  blood  from  adrenalectomized  rats  in  a  concen¬ 
tration  of  10  mK-  per  100  ml.,  increased  LVWI  of  the  Intact-Adrenalectom¬ 
ized  preparation  to  a  level  not  significanth'  different  from  tliat  of  the  In¬ 
tact-Intact  preparation  (c/.  Croups  15,  10,  and  IS).  It  is  of  interest  in  this 
connection  that  chemical  analy.ses  of  peripheral  blood  of  the  rat  (5)  indi¬ 
cate  that  corticosterone  is  present  in  a  concentration  of  about  5  mS-  per  100 
ml.  of  blood.®  Furthermore,  cortisol  {cf.  Croups  15,  Ki,  and  20)  and  aldo¬ 
sterone  (c/.  Croups  27,  2S,  and  30)  were  effective  in  elevating  the  LVWI 
of  the  Intact-Adrenalectomized  preparation  to  that  of  the  Intact-Intact 
preparation.  Tetrahydrocortisol  (Croups21, 22,  23,  and  24)  and  Substance  S 
(Croup  25)  showed  no  stimulatory  action  at  the  concentrations  tested. Of 
the  five  steroids  tested,  those  which  exhibit  biological  activity  in  the 
heart-lung,  exhibit  biological  activity  in  the  whole  animal.  The  data  .sug¬ 
gest  that  the  a,0  unsaturated  group  in  ring  A  and  the  oxygen  at  C-11  are 
important  in  the  exhibition  of  activity  in  the  heart-lung.  Obviously,  the 
study  must  be  extended  to  include  a  larger  number  of  corticosteroids,  and 
as  will  become  clearer  from  the  next  section,  must  also  be  extended  to  in¬ 
clude  a  relatively  wide  range  of  concentrations  for  any  given  steroid  tested 
before  any  additional  statements  on  structure  activity  relationship  may  be 
made. 

c.  Stimulatory  and  inhibitory  concentrations  of  corticosterone:  temperature 
dependence.  Corticosterone  was  added  to  the  perfusion  blood  of  Intact- 
.Vdrenalectomized  preparations  which  operated  at  a  temperature  of  37°  C 
and  a  mean  arterial  pressure  of  110  mm.  Hg,  (Croups  17,  18,  19,  and  20).  A 
concentration  of  corticosterone  of  2/ig.  per  100  ml.  of  perfusion  blood  had 

®  After  correction  of  the  data  of  (luillemin  et  at.  (.5)  for  non-.steroidal  fluorescent  sub¬ 
stances  and  assuming  that  rat  erythrocytes  are  free  from  corticosterone. 
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no  significant  effect  on  LVWI.  At  10  /xg.  per  100  ml.,  the  work  performed 
hy  tlie  lieart  was  not  significantly  different  from  that  of  an  Intact-Intact 
preparation.  A  concentration  of  oO  mK-  per  100  ml.  resulted  in  an  LVWI  not 
significantly  different  from  that  of  the  Intact-Adrenaleetomized  prepara¬ 
tion  to  which  no  steroid  was  added  (c/.  (iroups  10  and  19).  Therefore,  corti¬ 
costerone  in  a  concentration  of  oO  mK-  per  100  ml.  is  inhibitory  when  com¬ 
pared  to  a  concentration  of  10  /ug.  per  100  ml.  When  the  concentration  of 
corticosterone  was  increased  to  oOO  mK-  per  100  ml.,  LVWI  was  actually  less 
than  that  of  the  Intact-Adrenalectomized  preparation  to  which  no  .steroid 
was  added  (c/.  (Jroups  10  and  20).  These  observations  emphasize  the  mi- 
portance  of  surveying  concentration  before  making  a  final  statement  on  the 
influence  of  a  substance  on  a  biological  system,  an  approach  that  has  been 
effectively  championed  by  Ingle  (0).  These  ob.servations  may  explain,  in 
part  at  least,  the  confusion  in  the  literature  as  to  the  action  of  cortico¬ 
steroids  on  the  isolated  lieart.  lOmele  and  Bonnycastle  (7)  recognized  the 
importance  of  concentration  and  have  de.scribed  .stimulatory  and  inhibi¬ 
tory  actions  for  the  same  steroid  on  the  cat  papillary  mu.scle  depending 
upon  the  concentration  employed. 

Tetrahydrocortisol  was  tested  at  concentrations  of  2,  10,  oO,  and  500  ng. 
per  100  ml.  perfusion  blood  in  the  Intact-Arenalectomized  preparation  at 
57°  C  and  a  mean  arterial  pressure  of  110  mm.  Hg  (Groups  21,  22,  23,  and 
24).  No  stimulatory  action  was  exhibited  at  any  of  these  concentrations; 
500  Mf?-  per  100  ml.  exerted  a  slight,  and  probably  insignificant,  inhibitory 
effect. 

Corticosterone  was  tested  for  its  effect  on  the  Intact-Adrenalectomized 
preparation  operating  at  32°  C  and  a  mean  arterial  pres.sure  of  110  mm. 
Hg.  Whereas,  at  37°  C  a  concentration  of  2  fxg.  per  100  ml.  was  ineffective, 
at  32°  C  this  concentration  of  steroid  increased  the  LVWI  of  the  Intact- 
Adrenalectomized  preparation  to  a  level  not  significantly  different  from 
that  of  the  Intact-Intact  preparation  (c/.  Groups  3,  4,  and  5).  Furthermore, 
at  the  low  temperature,  2  /xg.  per  100  ml.  of  corticosterone  was  at  least  as 
effective  as  10  /ug.  per  100  ml.,  and  oOfxg.  as  well  as  500  fig.  per  100  ml.  was 
definitely  inhibitory  (Groups  (5,  7,  and  8).  These  observations  indicate  that 
both  the  stimulatory  and  inhibitory  concentrations  of  corticosterone  in 
the  heart-lung  preparation  are  shifted  in  the  same  direction,  i.e.,  to  lower 
values,  as  the  temperature  is  reduced. 

Tetrahydrocortisol  was  inactive  at  2  and  at  10  fig.  per  100  ml.  when  the 
temperature  of  the  perfu.sion  blood  was  32°  C  (Groups  9  and  10),  whereas  a 
definite  inhibitory  effect  was  exhibited  at  50  as  well  as  at  500  Mg-  per  100  ml. 
It  is  to  be  noted  that  at  37°  C,  50  Mg-  had  no  effect  and  500  fig.  exerted  at 
most  a  slight  inhibitory  action.  The  reason  for  the  increased  “toxicity” 
with  reduction  in  temperature  exhibited  by  tetrahydrocortisol,  a  steroid 
which  is  metabolically  inactive  in  the  whole  animal,  is  obscure. 

The  temperature  dependence  of  the  .stimulatory  concentration  of  cortico- 
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sterone  in  tlie  heart-lung  is  of  considerable  interest.  Whether  factors  other 
than  temperature  influence  the  concentration-response  relationship  must 
await  further  study.  For  example,  the  stimulatory  and  inhibitory  concen¬ 
trations  of  corticosterone  should  be  determined  in  two  preparations  operat¬ 
ing  at  the  same  temperature  but  at  different  mean  arterial  pressures.  It  ap¬ 
pears  that  in  the  whole  animal  the  concentration  of  corticosteroids  reciuired 
to  maintain  well-being  is  not  fixed  but  varies  according  to  the  state  of  the 
internal  and  or  the  external  environment  (S).  The  need  for  corticosteroids 
increases  in  hyperthyroidism,  in  infection,  during  exercise  and  during  ex¬ 
posure  to  abnormal  environmental  temperatures.  Obviously,  it  would  be  of 
some  importance  to  examine  the  possibility  that  the  need  for  cortico¬ 
steroids  by  an  isolated  system  such  as  the  heart-lung  preparation  varies 
according  to  the  metabolic  state  or  the  environment  of  the  cells. 

CONCLUDING  REMARKS 

The  standardization  of  the  rat  heart-lung  preparation  has  been  devel¬ 
oped  to  a  point  where  application  to  bioassay  of  cardiotonic  or  cardiac  in¬ 
hibitory  .substances  appears  feasible.  A  concentration-response  relation  of 
the  type  reported  here  for  corticosterone  is  being  extended  to  include  aldo¬ 
sterone.  Cardiotonic  agents,  in  particular  the  cardiac  glycosides,  may  be 
evaluated  in  the  rat  heart -lung. 

Inadeipiacy  of  cardiovascular  function,  which  is  a  dominant  feature  of 
adrenocortical  in.sufficiency,  has  been  ascribed  to  failure  of  the  myocardium 
(9),  to  poor  vasomotion  of  the  arterioles  (10),  and  to  increa.sed  permeability 
of  the  capillaries  (11).  The  results  of  the  pre.sent  study  offer  .strong  .support 
to  the  the.sis  that  hypofunction  of  the  myocardium  is  at  least  one  of  the 
factors  resulting  in  cardiovascular  collap.se  in  the  crisis  of  adrenocortical  in¬ 
sufficiency. 

The  results  of  this  study  clearly  demonstrate  a  .stimulatory  action  of 
corticosterone,  cortisol,  and  aldosterone  on  the  rat  heart-lung  preparation. 
Other  investigators  have  reported  stimulatory  or  inhibitory  effects  of 
.steroids  in  simpler  systems,  namely,  heart  strips,  heart  papillary  muscles 
and  perfu.sed  Langendorff  preparations  (7,  12,  18).  In  certain  instances,  the 
concentration  of  steroid  employed,  the  establishment  of  specificity  of 
steroid  action,  or  the  u.se  of  appropriate  controls  have  raised  doubts  as  to 
the  physiological  significance  of  data  obtained  from  the.se  simpler  systems. 

The  mode  of  action  of  the  corticosteroids  in  increasing  the  LVff’I  of  the 
heart -lung  preparation  remains  unknown.  Actually,  the  site  of  action  can¬ 
not  be  definitely  localized  to  the  myocardium  on  the  basis  of  the  present 
study.  It  is  po.s.sible  that  the  corticosteroids  exert  their  effect  in  whole  or  in 
part  by  way  of  the  lung.  Preliminary  studies  with  an  isolated  heart  prepara¬ 
tion  (perfusion  of  the  left  atrium;  pulmonary  ve.ssels  out  of  the  circuit)  sug¬ 
gest  that  the  corticosteroids  have  a  direct  action  on  the  myocardium.  The 
fact  that  aldosterone  is  much  more  potent  than  corticosterone  suggests 
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that  electrolyte  balance  may  be  a  profitable  area  to  study  in  elucidating 
mode  of  action.  Experiments  are  planned  to  examine  the  possibility  that 
alterations  in  water  and  electrolyte  balance  are  associated  with  the  .stimu¬ 
latory  or  inhibitory  actions  of  the  corticosteroids  on  the  myocardium. 
However,  there  is  no  compelling  reason  to  as.sume  that  the  mode  of  action 
of  the  corticosteroids  on  the  heart  is  related  to  the  metabolic  actions  of 
these  substances  derived  from  whole  animal  studies. 

REFERENCES 

1.  Solomon,  N.,  R.  H.  Travis  and  G.  Saykrs:  Endoerinology  64:  535.  1959. 

2.  Evans,  C.  L.:  J.  Physiol.  45:  213.  1912. 

3.  Starling,  E.  H.  a.nd  M.  B.  Vis.schkr:  J.  Physiol.  62:  243.  1926. 

4.  Rkissmann,  K.  R.  and  R.  L.  Van  Cittkrs:  J.  .\pplied  Physiol.  9:  427.  1956. 

5.  Guillkmin,  R.,  G.  W.  Clayton,  .1.  1).  Smith  and  H.  S.  Lipscomb:  Endocrinology 
63:349.1958. 

6.  Inglk,  I).  .1.:  Recent  Progress  in  Hormone  Research  VI:  .Vcadcinic  Press,  New  Vork. 
N.  V.  1951,  p.  159. 

7.  E.MELK,  .J.  F.  AND  I).  I).  Bonnycastle:  .!»(.  J .  Physiol.  185:  103.  1956. 

8.  Sayers,  G.:  Physiological  Reviews  30:  241.  1950. 

9.  Brown,  F.  K.  and  .1.  W.  Remington:  .Iwi.  J.  Physiol.  182:  279.  1955. 

10.  Ra.mey,  p].,  .M.  S.  Gold.stei.n  and  R.  Levi.ne:  .I/h.  J.  Physiol.  162:  10.  19.50. 

11.  ZwEiFACH,  B.  W.,  E.  Shorr  and  M.  M.  Black:  .Inn.  .V.  1’.  .Irorf.  Sci.  56:  626, 
1953. 

12.  Tanz,  R.  I).,  R.  W.  Whitehead  and  G.  J.  Weir,  .Ir.:  Proe.  Soc.  Exper.  Biol,  and 
and  Med.  94  :  2.58.  1957. 

13.  Nasmyth,  P.  .\.:  J.  Physiol.  139:  323.  1957. 
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ABSTRACT 

1.  Glucose  was  s'ven  orally,  at  a  dose  of  1-2  Rin./kg.  i)er  day  for  30  days, 
to  two  groups  of  turtles  (Chrysemys  d'orbignyi);  one  group  was  treated  during 
the  summer,  the  other  during  the  winter.  Hyperglycemia  was  produced  in  the 
animals  of  both  groups;  the  mean  blood  sugar  values  attained  during  the  win¬ 
ter  were  higher  (1  •  140)  than  during  the  summer  (193). 

Histological  e.vamination  of  the  pancreas  of  these  animals  showed  an  in¬ 
crease  in  the  number  and  size  of  the  islets  of  Langerhans,  with  degranulation 
and  hydropic  degeneration  (glycogenic  infiltration)  of  the  beta  cells. 

The  hyperglycemia  and  the  histological  lesions  disappeared  when  treat¬ 
ment  was  discontinuetl. 

The  pre.sent  experiments  were  carried  out  in  the  course  of  a  study  of 
the  pancreatic  lesions  caused  by  elevation  of  the  blood  su^ar  in  various 
animals. 

Woerner  (1),  giving  glucose  intravenously  to  guinea  pigs,  did  not  obtain 
a  noticeable  rise  in  blood  sugar  but  did  observe  a  diminution  of  the  granula¬ 
tion  of  the  beta  cells  and  an  increase  of  the  islet  tissue  followed  eventually 
by  degenerative  changes.  Also  in  guinea  pigs,  Gomori,  Friedman  and 
Caldwell  (2)  observed  hyperglycemia  followed  by  degranulation  of  the 
beta  cells  after  repeated  intraperitoneal  administration  of  glucose.  Be¬ 
cause  the  beta  cell  granules  reappeared  after  the  administration  of  gluco.se 
was  stopped  and  the  blood  .sugar  returned  to  normal,  they  concluded  that 
there  had  been  an  increase  of  insulin  secretion  in  respon.se  to  the 
hyperglycemia. 

More  recently,  Ingle  (3)  force-fed  rats  with  a  high  carbohydrate  diet, 
obtaining  elevated  blood  sugars  and  glycosuria;  no  histological  observa¬ 
tions  were  made  on  the  pancreatic  islets  of  the.se  rats. 

Dohan  and  Lukens  (4)  obtained  permanent  diabetes  in  one  previously 
normal  and  two  partially  depancreatized  cats  after  intraperitoneal  injec¬ 
tion  of  gluco.se  for  88,  .52  and  .5.5  days,  respectively. 

At  the  suggestion  of  Professor  Bernardo  Iloussay,  we  repeated  these 
experiments  in  turtles,  to  see  if  we  could  obtain  similar  results,  such  as 
hyperglycemia,  damage  of  the  beta  cells  and,  finally,  permanent  diabetes. 

Ri'ccivod  Ovtober  23,  1959. 
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MATERIAL  AXD  METHODS 

Adult  Chrysemijs  d'orhignyi  turtles  of  both  sexes  wen-  used.  They  wen*  maintained 
on  a  fish  diet,  whieh  was  availabh*  nd  libitum  exeept  during  the  fasting  jieriod  prior  to 
eaeh  blood  sugar  determination.  The  body  weights  raJiged  from  1.200-3,000  gm.  in- 
elmling  the  shell,  whieh  eomprises  about  30%  of  the  total. 

The  glueose,  dissolved  in  distilled  water  (1  gm./ml.),  was  introdueed  into  the  stom¬ 
ach  by  means  of  a  urethral  catheter,  being  careful  to  keep  the  maxillars  separated  to  pro¬ 
tect  the  catheter.  This  was  done  once  a  day  and  at  the  same  hour.  For  eaeh  group  there 
was  a  corresponding  group  of  controls  which  received  only  distilled  water  (1  ml.  kg.). 

Part  of  the  exi)eriment  was  done  in  the  summer,  another  part  in  the  middle  of  the 
winter.  The  animals  were  kept  outside  in  tanks  with  running  water  at  temperatures  of 
approximately  20.S°-30..'j°  C  in  summer  and  9.8°-! 8.1°  C  in  winter. 

Thus,  we  had  two  grouj)s,  one  in  the  summer  and  one  in  the  wint('r,  each  being  given 
glueose  at  the  rate  of  1  to  2  gm.,  kg.  per  day  for  30  days.  Furthermore,  we  had  a  third 
group  in  whieh  we  tried  to  j)roduee  permanent  diabetes  in  this  fashion;  this  was  done 
during  the  winter  because  hyperglycemia  was  more  easil}-  obtained  then.  In  this  group 
the  glucose  dose  varied  between  O.o  and  5  gm./kg. 

The  blood  samj)les  were  taken  after  a  fasting  period  of  api)roximately  lo  hours,  and 
the  blood  sugar  determined  according  to  the  Somogyi-Nelst)n  method  (5). 

RESULTS 

During  the  .summer  (Table  1),  the  daily  admini.stration  of  1  gm.  of  glu¬ 
eose  per  kg.  liody  weight  for  23  days,  followed  by  2  gm.  kg.  day  for  7  days 
more,  rai.sed  the  animal’s  blood  sugar  moderately,  from  about  93  mg.%  in 
the  controls  to  193  mg.%  in  the  treated  series;  it  was  noticed  that  there 
was  a  tendency  toward  higher  Itlood  .sugars  in  the  females. 

Tabi.e  1 

Blood  sugar  values  for  the  turtle  Chrysemijs  d' orhiynui .  Two  or  three'  sugar  analyses  w(‘re 
obtaiiH'd  for  each  turtle  in  the  summer  .series;  (1)  between  the  lOth  and  23rd  days  of  force- 
feeding  g'.ucose,  (2)  between  the  24th  and  38th  days,  (3)  10  days  after  discontinuing  glucose 
feeding;  for  the  winter  series  two  analyses  were  obtained;  (1)  between  the  I.5th  and  23rd  days 
of  treatment,  and  (2)  between  the  24th  and  3()th  days.  The  turtles  wen*  kej)!  at  environmental 
temperatures  of  approximately  21-31°  C  (mean  values  of  the  minimum  and  maximum)  in 
the  summer  ami  10-18°  C  in  the  winter. 


Blood  sugar 


Season 

Treatment 

.\nalysis 

period 

Value,  mg.% 

.Summer  Kxp.  j 

Control,  no  glucose  given  i 

(1)  1 

91+  11  (0)* 

(2)  1 

9.5  ±  18  (.5) 

(ilucose  fed,  1  gm./kg./dav 

(1)  i 

193  ±  2.5(12) 

from  1st  to  23rd  dav,  2  gm./ 

(2)  ! 

193  ±  32(12) 

kg. /day  from  24th  to  30th  day 

(3)  i 

03  ±  1 1  (0) 

Winter  Exp. 

1  Control,  no  glucose  given 

i  (1) 

i  80  ±  7  (0) 

(2) 

;  70  ±  3  (0) 

(iluco.se  fed,  2  gm./kg./dav 

i 

1  443+  00(10) 

from  Ist  to  23rd  day,  1  gm./ 
kg. /day  from  24th  to  30th  day 

(2) 

!  1140+300  (7) 

i 

*  Mean  ± standard  error;  the  mimber  of  animals  is  given  in  parentheses.  Owing  to  death 
of  some  animals  during  treatment,  the  number  during  the  second  or  third  period  may  be 
less  than  during  the  first. 
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It  is  clear  that  administration  of  similar  doses  of  glucose  during  the 
winter  (Table  1)  produced  much  higher  blood  sugars,  up  to  a  mean  of 
1,140  mg.%  (470  2,:180)  in  the  treated  series  as  compared  to  7()  mg.% 
(Oo-SO)  in  the  corresponding  controls.  The  winter  group  received  2 
gm.  kg.  day  of  glucose  during  the  first  28  days  and  1  gm.  kg.  day  during 
the  following  7  days.  (Jlucose  was  found  in  the  urine  of  these  animals. 
Towards  the  end  of  the  experiment  the  animals  showed  muscular  hypo¬ 
tonia,  and  all  died,  even  when  treatment  had  been  stopped. 

Mortalit\’  varied  according  to  the  dosage  and  the  season  of  the  year. 
With  a  dose  of  1  gm.  kg.  during  the  summer,  the  mortality  was  ‘)0%  after 
20  to  80  days  of  treatment.  In  winter,  with  a  dose  of  2  gm.  kg.  day,  the 
mortality  was  00%  after  lo-20  days  of  treatment,  and  100%  after  80  days. 

The  histological  examination  of  the  pancreas  was  done  by  Dr.  Cardeza 
(0),  who  found  an  increase  in  number  and  size  of  the  islets  of  Langerhans 
and  degranulation  and  hydropic  degeneration  (glycogenic  infiltration)  of 
the  beta  cells.  He  found  these  lesions  to  be  related  to  the  severity  of  the 
hyperglycemia  and  reversible;  in  most  animals  sacrificed  80  days  after  dis¬ 
continuing  the  treatment,  the  lesions  had  disappeared;  two  turtles  still 
showed  residual  lesions. 

Two  series  of  experiments  were  carried  out  with  the  intent  of  producing 

Table  2 

Dosage  schedule  and  blood  sugars  for  turtles  Chrysemys  d'orhiynyi  foree-fed  with  glucose 
solutions.  The  glucose  was  administered  daily  and  one  blood  sugar  was  obtained  for  each 
turtle  in  each  of  the  dosage  jjeriods.  The  dosage  for  each  individual  turtle  was  adjusted  for 
each  period  in  an  effort  to  maintain  an  intermediate  degree  of  hyperglycemia,  the  average 
daily  dose  per  turtle  for  the  whole  e.\i)eriment  being  about  2  g/kg  in  the  first  e.xperiment 
and  slightly  less  in  the  second.  The  experiments  were  performed  (luring  the  winter  at  en¬ 
vironmental  temperatures  of  approximately  11-19°  C/  (mean  values  of  the  minimum  and 
maximum). 


Series  Xo. 

Period  of  treatment, 
dajs 

.\verage  glucose  dose  and 
range  for  all  turtles. 

Hlood  sugar,  mg.% 

gm./kg./day 

I 

1-  4 

5.0 

231  ±33  (10)* 

5-  8 

2.4  (0-5) 

259181  (9) 

9  1 1 

1  .6  (0-3) 

316192  (8) 

12-14 

1  .4  (0-4) 

242+82  (5) 

15-16** 

1 .5  (0-3) 

.586  (1) 

2 

1-  4 

1.9 

61  1  5  (8) 

5-11 

1.4 

71  +  10  (8) 

12-23 

2.4 

209+51  (8) 

24-26 

1.8  (1-3) 

339  +  4!  (4) 

27-31*** 

1  .2(0-3) 

I  559188  (7) 

*  Mean  ± standard  error;  the  number  of  animals  for  which  blood  sugars  were  determined 
is  given  in  j)arenthesis. 

**  One  turtle  of  this  experiment  died  on  the  46th  day,  after  exhibiting  blood  sugars  of 
361  on  the  25th  day,  1 160  on  the  39th,  and  756  on  the  46th;  the  glucose  dosage  was  2  g./kg./ 
day  from  23-26th,  0.5  from  27-30th,  0  on  31  and  32nd,  1  from  33-39th  days,  zero  thereafter. 

second  turtle  of  this  series  died  on  the  43rd  day  after  blood  sugars  of  42  on  tin*  25th,  443 
on  the  39th,  and  278  on  the  41st  day;  the  glucose  dosage  was  3  g./kg. /day  from  23-38th, 
2  on  39th,  0.5  g./kg. /day  thereafter.  The  remaining  3  animals  died  before  the  24th  day. 

***  Seven  turtles  of  this  experiment  died  between  the  32  and  37th  daj's  of  tn'atment 
without  a  record  of  the  terminal  blood  sugars. 
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permanent  diabetes  (Table  2).  In  the  first  series  the  initial  dose  of  ^hicose 
was  large  and  progressively  decreased;  in  the  second  series  the  initial  dose 
was  made  smaller  with  the  hope  of  getting  maximal  survival.  In  both 
series  it  was  necessary  to  adjust  the  dosage  of  glucose  in  accordance  with 
the  blood  sugar  levels,  in  order  to  obtain  a  persistent  but  moderate  hyper¬ 
glycemia.  No  permanent  diabetes  resulted  in  any  ease,  possibly  beeau.se 
the  period  of  treatment  wa»»  too  short.  All  animals  died  within  42  days. 

DISCUSSION' 

As  in  other  animal  species,  the  administration  of  a  certain  amount  of 
glucose  rai.ses  the  fasting  blood  sugar  in  turtles  and  causes,  .secondarily, 
the  appearance  of  lesions  in  the  beta  cells.  These  lesions  are  reversible, 
retrogressing  after  the  interruption  of  treatment  (see  (1)  ). 

Under  these  conditions  of  experiment,  it  was  never  possible  to  obtain 
permanent  diabetes,  po.ssibly  because  the  animals  could  not  withstand  the 
handling  to  which  they  were  .submitted  daily,  i.e.  immobilization  and  intro¬ 
duction  of  the  catheter;  the  mortality  in  the  controls  was  also  high,  even 
though  they  received  only  distilled  water  instead  of  glucose. 

The  highest  blood  .sugar  values  were  obtained  during  the  winter  time, 
possibly  becau.se,  due  to  the  low  temperature  and  the  sub.sequent  lowering 
of  the  metabolism  in  these  poikilothermic  animals,  the  consumption  of 
glucose  was  reduced. 

2.  An  attempt  to  obtain  permanent  diabetes  failed  in  a  third  groups  of 
turtles,  possibly  becau.se  of  the  high  mortality  arising  from  the  requisite 
daily  immobilization  and  catheterization  of  the  animals. 
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AIJSTRACT 

Assaj’s  for  intorstitial  cell  stimulating  hormone  and  follicle  stimulating 
hormone  activity  have  been  performed  on  the  pituitaries  of  five  male  dogs  with 
lesions  in  the  posterior  median  eminence  and  the  i)ituitaries  of  ten  castrate 
male  dogs  with  lesions  in  various  parts  of  the  hypothalamus.  All  dogs  with  de¬ 
struction  of  the  posterior  median  eminence  showed  depressed  ICSH  and 
FSH  values.  .\  lesion  in  the  anterior  median  eminence  in  one  castrated  dog 
caused  a  lesser  depression  of  pituitarj-  content  of  these  hormones;  other  lesions 
studied  had  no  effect.  The  presence  of  a  lowered  FSH  and  ICSH  content  in  the 
j)ituitary  was  not  corrcdated  with  depressed  thyroid  or  adrenal  function  or  with 
the  presence  of  diabetes  insipidus.  It  is  suggested  that  lesions  in  the  posterior 
median  eminence  in  the  dog  selectively  inhibit  the  i)roduction  and  secretion  of 
both  ICSH  and  FSH. 

IN  THIO  dog,  lesion.s  of  the  posterior  median  eminence  of  the  hypothala¬ 
mus  are  associated  with  atrophy  of  the  testes  and  prostate  without 
effect  on  thyroid  or  adrenocortical  function  (1,  2,  8).  This  atrophy  re¬ 
sembles  that  seen  after  hypophysectomy  and  is  probably  due  to  a  dimin¬ 
ished  secretion  by  the  pituitary  of  both  follicle  stimulating  hormone  (FSH) 
and  interstitial  cell  stimulating  hormone  (ICSH)  (8).  The  testicular 
atrophy  seen  in  these  animals  with  hypothalamic  lesions  could  conceivably 
l)e  due  to  inhibition  of  ICSH  secretion  alone,  since  the  administration  of 
ICSH  to  hypophy.sectomized  male  rats  leads  to  maintenance  of  .seminif¬ 
erous  tubules  (4)  and  there  is  doubt  about  the  physiological  role  of  F'SH  in 
the  male  (5).  Data  on  changes  in  the  pituitary  content  of  these  gonado¬ 
trophins  would  therefore  be  of  considerable  interest.  Accordingly,  we  have 
investigated  the  gonadotrophin  content  of  the  anterior  pituitary  of  intact 
and  castrate  dogs  with  hypothalamic  lesions. 

Received  Xovember  9,  1959. 
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MATERIALS  AM)  METHODS 

Male  mongn'l  dogs  with  semen  eontaining  a  high  eoneentration  of  motile  sperm  were 
used  in  this  study.  The  methods  of  semen  eolleetion  and  evaluation  have  been  deseribed 
elsewhere  (3).  In  15  dogs,  electrolytic  lesions  were  plaeed  in  various  parts  of  the  hypo¬ 
thalamus  by  the  techniciue  of  Hume  and  Ganong  (6).  The  testes  were  removed  at  the 
same  time  in  10  of  these  animals. 

Twenty-one  days  postoperatively,  thyroidal  uptake  of  radioaetive  iodine  (7)  and  urine 
volume  were  measured  in  order  to  evaluate  the  effect  of  the  operations  on  thyroid  fune- 
tion  and  development  of  diabetes  insipidus.  Diabetes  insipidus  was  said  to  be  present 
when  urine  volume  exceeded  700  ml.  per  day  for  two  consecutive  days  (2).  Forty-two 
days  ijostoperativel}',  5  of  the  castrate  dogs  with  lesions  were  anesthetized  with  pento¬ 
barbital  and  their  adrenal  venous  output  of  hydroxyeorticoids  in  response  to  surgical 
trauma  was  measured  by  methods  which  have  been  described  elsewhere  (3).  Seven 
castrated  dogs  without  lu  pothalamic  lesions  served  as  controls  for  the  studies  of  thy¬ 
roid  ami  adrenal  function  and  urine  output. 

.\11  fifteen  animals  with  lesions  were  sacrificed  37  to  47  days  postoperatively  by  the 
intravenous  injeetion  of  a  lethal  dose  of  pentobarbital,  and  the  pituitaries  were  removed 
within  4  minutes  after  the  injeetion.  The  anterior  lobe  of  the  pituitary  was  disseeted 
from  the  posterior  lobe,  weighed  (in  8  animals  with  lesions),  and  immediatel}'  frozen  for 
subsequent  bioassay.  The  adrenal  and  thyroid  glands  were  weighed,  fixed  in  Bouin’s 
solution,  sectioned,  and  stained  with  hematoxylin  and  eosin.  The  hypothalamus  was 
fixed  in  formalin  and  subsequently  serially  sectioned  at  10  micra.  Ever\-  tenth  seetion 
was  stained  with  hematoxylin  and  eosin.  The  location  of  the  lesions  was  determined, 
and  in  eaeh  ease,  the  lesions  were  reconstructed  on  a  diagram  of  a  sagittal  section  of  the 
dog  hj’pothalamus. 

The  pituitaries  from  10  of  the  castrated  dogs  with  lesions  in  various  parts  of  the 
hypothalamus  were  individually  bioassayed  in  hj’pophyseetomized  rats  for  their  con¬ 
tent  of  FiSH  and  ICSH.  The  development  of  the  follicles  (8)  and  the  appearanee  of  the 
interstitial  eells  (9)  of  the  ovary  of  the  assay  rats  were  used  as  the  criteria  for  evaluat¬ 
ing  the  gonadotrophic  hormone  content.  Uterine  and  ovarian  weights  were  also  re¬ 
corded.  Details  of  the  assay  and  the  values  in  normal  and  castrate  male  dogs  have  been 
reported  elsewhere  (10).  In  this  study,  the  individual  anterior  lobes  were  homogenized 
in  saline  and  injected  subcutaneously  over  4  days  in  total  doses  of  0.8  and  0.2  of  the 
anterior  lobe,  each  dose  into  one  assay  rat.  These  doses  were  selected  because  they 
were  well  above  the  minimum  effeetive  doses  (MED)  for  FSH  (0.06  pituitary)  and 
ICSH  (0.125  pituitary)  in  the  pituitaries  of  castrated  dogs  (10).  The  pituitary  from  one 
of  the  eastrated  dogs  with  a  lesion  was  assayed  at  a  total  dose  of  0.35  anterior  pituitary 
gland.  The  anterior  pituitaries  of  non-eastrated  animals  with  lesions  were  pooled  and 
t(‘sted  at  total  <loses  of  up  to  three  glands,  a  figure  which  is  twice  the  MED  for  FSH  and 
12  times  the  MED  for  ICSH  present  in  the  pituitaries  of  normal  male  dogs. 

RESULTS 

The  pituitaries  from  the  o  non-ca.strate  dogs  with  po.sterior  median 
eminence  lesions  and  gonadal  atrophy  were  negative  for  FSH  and  ICSH  at 
a  total  do.se  of  8.0  anterior  lobes.  The  av’erage  weight  of  the  pituitaries  from 
these  dogs  with  lesions  was  4.5  +0.0  mg./kg.  body  weight  (mean  ± standard 
error  of  the  mean). 

The  data  for  the  individually  assayed  pitulitaries  of  the  castrate  dogs 
with  lesions  are  shown  in  Table  1.  The  ovarian  and  uterine  weight  of  the 
recipient  rats  has  been  included  to  give  additional  information  on  the  pres- 
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Table  1.  ICkkect  of  hypothalamic  lesions  ox  pituitary  gonadotrophin  content 

OF  castrate  dogs* 


Pituitary  weiisl 

IJog  (lllg. 

No.  (lllg.)  bud 
wfigi 

21  .12. >t  2.8 

22  25.6  2.6 

IS  26.5  1.8 

.12  31.8  2.  it 

8  21.0  l.i) 

2  37.6  2.6 

12  —  — 

lit  40.2  3.0 

11  48.8  4.0 


*  Kach  dost-  level  was  tested  on  one  hypopliyseetoiiiized  assay  rat. 

**  Median  Kininenee. 

Mean  ±  Standard  error  of  the  mean  in  33  uninjeeted  control  hypophysectoiiiized  rats. 

ence  or  ah.sence  of  ovarian  stimulation.  On  liistolosical  examination  of  the 
hypothalamus,  bilateral  destruction  of  the  posterior  median  eminence  was 
found  to  be  present  in  7  dogs.  The  occurrence  of  a  lower  uterine  weight  in 
the  recipient  rats  receiving  0.8  pituitary  from  0  of  these  7  dogs  with  pos¬ 
terior  median  eminence  lesions  is  apparently  fortuitous;  tlie  mean  uterine 
weight  in  these  rats  is  not  significantly  different  from  the  value  in  those  re¬ 
ceiving  0.2  pituitarj'  (P>0.1),  and  ovarian  weights  did  not  differ  in  this 
fashion.  The  average  anterior  pituitary  weight  in  these  dogs  was  2.4  ±0.2 
mg./kg.  At  both  levels  tested  the  pituitaries  of  these  dogs  showed  no  evi¬ 
dence  of  FSH  or  ICSH  activity. 

In  two  cases  (Dogs  no.  7,  no.  11),  the  median  eminence  was  intact  ;  in 
both  instances,  positive  responses  for  both  P\SII  and  ICSH  were  present  at 
the  lower  dose  tested,  0.2  of  the  gland.  One  of  these  dogs  (no.  7)  had  a  small 
unilateral  lesion  above  the  median  eminence;  the  other  (no.  11)  showed  dis¬ 
crete  destruction  of  the  posterior  tuberal  region  just  behind  the  infundib¬ 
ular  stem.  In  another  dog  (no.  10),  the  lesion  involved  the  anterior  por¬ 
tion  of  the  median  eminence.  The  pituitary  of  this  animal  was  negative  for 
FSH  and  ICSH  at  the  0.2  pituitary  level,  and  positive  for  both  at  the  0.8 
level. 


Donor  dog  | 

Ri 

‘cipient  rat 

It 

ly 

i*t) 

Lesion  Location 

Total  dose 
(fraction 
of  pitu¬ 
itary 
injected) 

Ovarian 

weiglit 

(nig.) 

I'teriis 

weight 

(lUR.) 

Ovarian 

follicle 

stimu¬ 

lation 

Ovarian 

int»‘r- 

stitial 

tissue 

l>()st.  me** 

0.2 

8.7 

33.2 

-Absent 

1  )eficient 

0.8 

6.8 

28.0 

.Absent 

Deficient 

Post,  and 

0.2 

8.2 

35.5 

Absent 

Deficient 

mid  MK 

0.8 

9.0 

23.8 

-Absent 

Deficient 

Post.  ME. 

0.2 

8.2 

36.4 

Absent 

Deficient 

Post,  ttibcr. 

0.8 

6.0 

26.2 

-Absent 

Deficient 

Post,  tubci, 

0.2 

6.4 

36.6 

Absent 

Di'ficient 

Po.st.  ME 

0.8 

7.8 

29.9 

Absent 

Deficient 

Post,  and 

0.2 

6.6 

32.2 

-Absent 

D«‘ficient 

mid  MK 

0.8 

8.7 

31.2 

-Absent 

Deficient 

Po.st.  ME 

0.2 

5.0 

21.6 

Absent 

Deficitmt 

0.8 

4.0 

17.6 

Absent 

Deficient 

Past.  ME 

0.2 

8.0 

35.0 

Absent 

Deficient 

0.8 

9.4 

35.8 

Absent 

Deficient 

Ant.  ME — post. 

i  0.2 

7.2 

35.6 

Absent 

De  Indent 

Optic  area. 

!  0.8 

20.2 

77 .4 

Pres(‘nt 

Repair 

Post.  tubt*r 

1  0..15 

23.7 

85.6 

Present 

Repair 

Part  of  Pre-Mainmillary  n. 

Small  unilat. 

1  0  2 

12.0 

47.0 

Present 

Repair 

Lesion  in  dorsal  Hypothalamus. 

1  0.8 

38.5 

137.4 

Present 

Hepair 

1  0  7 

.2  ±0.3*** 

22.3  +  1.2 

Absent 

Deficient 
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Tablk  2.  Kfkect  of  hypothalamic  lesions  ox  other  exuocrine  glands  in 

CASTRATE  MALE  DOGS 


Dog  No. 

P”  uptake 
(Per  eent  of 
injeeted  dose) 

Left  adrenal 
weight  (mg. /kg.) 

17-011  eortieoid 
output  (pig./min.) 

Diabetes 
insipidus 
(Urine  volume 
700  ml. /day 
for  two  days) 

I.  Castrate  dogs 
21 

with  hvpothalainie 
■  2U.:t 

lesions 

38.1 

10.4 

Yes 

22 

22.5 

57 .0 

3.2 

No 

18 

18.1) 

45.3 

— 

No 

:i2 

15. :i 

78.0 

— 

Yes 

8 

40.3 

44.4 

4.0 

No 

2 

21 .5 

41 .4 

1  .1) 

Yes 

12 

4.8 

03 .5 

— 

Yes 

11) 

13.0 

08.2 

14.5 

No 

11 

24.1 

50 . 0 

— 

Yes 

7 

14.8 

58.8 

— 

No 

2.  Castrate  dogs 
5() 

without  lesions 
17.2 

03.4 

No 

(lI 

17.5 

58.0 

— 

No 

(ill 

ID.l) 

53 .7 

— 

No 

1 

41  .3 

511.8 

7 .0 

No 

:i 

33.8 

1)5.0 

10.1) 

Yes 

25 

18.3 

51.1 

10.1 

No 

1^5 

37.4 

04 , 7 

13.0 

No 

depressed  pituitary  gonadotrophin  content,  thyroid  uptake  was  below 
the  9o%  confidence  limits  for  castrate  controls  with  no  lesions  in  only  one 
case,  and  the  adrenocortical  hydroxycorticoid  output  below  these  limits  in 
two  of  o  animals  tested.  Mean  adrenal  weight  was  not  significantly  different 
from  castrate  control  animals,  and  adrenocortical  histology  was  normal  in 
all  cases.  The  histological  appearance  of  the  thyroid  glands  was  essentially 
normal.  Diabetes  insipidus  was  pre.sent  in  four  of  the  animals  with  low 
pituitary  gonadotrophins,  but  absent  in  three.  There  was,  therefore,  no  cor¬ 
relation  between  any  of  these  parameters  and  depre.ssed  pituitary  gonado¬ 
trophin  content.  Hydroxycorticoid  output  in  the  castrate  control  animals 
without  lesions  was  sliglitly  higher  and  thyroidal  radioactive  iodine  slightly 
lower  than  the  values  encountered  in  intact  male  dogs  (8,  7),  but  the  differ¬ 
ences  were  not  statistically  significant.  One  of  the  castrate  control  animals 
(no.  8)  had  an  unexplained  polyuria,  but  study  of  serial  sections  of  the 
brain  failed  to  reveal  any  abnormality  of  the  supraoptico-hypophjseal 
.system. 

DISCUSSION' 

The  minimum  effective  do.se  (MED)  of  normal  male  dog  anterior  pitui¬ 
tary  is  1.")  gland  for  FSH  and  0.25  of  a  gland  for  ICSH  (10).  Since  the 
pooled  pituitaries  of  the  5  non-castrate  dogs  with  lesions  were  negative  for 
FSII  and  ICSII  at  a  total  do.se  of  8.0  pituitaries,  the  pituitary  content  of 
both  the.se  gonadotrophins  was  clearly  depre.s.sed.  7'he  mean  weight  of  the 
pituitary  glands  in  these  animals  with  lesions  was  slightly  higher  than  the 
value  (8.0  ±0.4  mg.,  kg.)  found  in  normal  control  dogs  (10). 
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In  otherwise  normal  dogs,  4  to  0  weeks  after  castration,  the  values  for 
FSH  and  ICSH  were  O.Oh  and  0.125  of  a  gland  respectively;  mean  pituitary 
weight  in  such  animals  was  8.5  ±0. (5  mg.  kg.  (10).  In  the  7  castrate  dogs 
with  lesions  of  the  posterior  median  eminence,  the  individually  assayed 
pituitaries  were  all  negative  for  both  FSII  and  ICSH  at  0.8  of  a  gland.  The 
decrease  in  gonadotrophin  content  is  therefore  at  least  twelve-fold  for  FSH 
and  at  least  O-fold  for  ICSH,  and  is  too  great  to  be  attributed  to  the  slight 
decrease  in  the  pituitary  weight  seen  in  some  of  the.se  animals. 

There  are  few  data  available  on  the  effect  of  hypothalamic  lesions  on 
pituitary  gonadotrophin  content.  Clegg  and  Canong  (12)  have  reported 
that  following  ventral  hypothalamic  lesions  in  female  sheep,  the  pituitary 
FSH  content  is  depre.s.sed  without  any  change  in  ICSH  content.  Bogdanove 
et  al.  (18)  reported  a  decreased  total  gonadotrophin  content  in  the  anterior 
pituitary  of  rats  with  testicular  atrophy  following  hypothalamic  lesions. 
The  bioassay  was  based  on  the  increase  in  uterine  weight  of  recipient  im¬ 
mature  female  rats  injected  with  pituitary  tissue.  In  .some  animals  with 
lesions  but  without  gross  testicular  atrophy,  a  moderate  decrease  in 
pituitary  gonadotrophins  was  also  present.  Histologically  normal  gonado¬ 
trophs  were  pre.sent  in  the  pituitaries  of  these  animals.  The  authors  sug¬ 
gested  that  the  gonadotrophin  content  of  the  pituitary  is  a  moie  sensitive 
index  of  gonadotrophin  secretion  than  pituitary  morphological  changes.  In 
the  light  of  these  observations,  it  is  of  interest  that  we  found  moderately 
decreai^ed  gonadotrophin  values  in  one  dog  with  a  lesion  in  the  anterior 
median  eminence.  Xon-castrate  male  dogs  with  similar  lesions  show  slight 
but  significant  decreased  in  .semen  count,  sperm  motility  and  ejaculation 
respon.se  (8). 

The  area  of  the  hypothalamus  destroyed  in  the  dogs  with  an  extremely 
low  pituitary  gonadotrophin  content  is  the  same  as  that  reported  to  be 
concerned  with  gonadal  and  prostatic  maintenance  (8).  Therefore,  it  is 
reasonable  to  conclude  that  destruction  of  the  posterior  median  eminence 
in  the  male  dog  leads  to  a  diminution  in  both  the  production  and  the  secre¬ 
tion  of  pituitary  ICSH  and  FSH. 

Posterior  tuberal  lesions  block  copulation  induced  ovulation  in  cats  and 
rabbits  (14).  Hume  (15)  has  reported  atrophy  of  the  gonads  in  the  male 
dog  following  lesions  which  are  slightly  more  posterior  than  those  reported 
here.  However,  it  is  interesting  that  in  one  animal  in  the  pre.sent  .series  with 
a  lesion  which  completely  destroyed  the  posterior  tuberal  region  up  to  the 
pituitary  stalk  (no.  11),  no  depression  of  pituitary  gonadotrophin  content 
was  seen. 

It  is  possible  that  the  posterior  median  eminence  may  represent  a  final 
common  pathway  to  the  anterior  pituitary,  and  that  other  areas  of  the 
hypothalamus  are  concerned  with  the  regulation  of  one  or  the  other  of  these 
gonadotrophins.  There  is  evidence  (lb,  17)  that  an  area  near  the  para¬ 
ventricular  nucleus  has  .selectiv’e  effects  on  ICSH  secretion  in  female  rats. 
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Xo  evidence  exists  for  a  homologous  area  in  the  male,  hut  none  of  the  lesions 
in  the  present  series  destroyed  this  anterior  region. 

There  is  some  evidence  that  depressed  thyroid  function  inhibits  gonado¬ 
trophic  activity  (18).  However,  the  present  results  could  not  he  secondary 
to  depressed  TSH  secretion  because  in  alt  hut  one  dog  (no.  12)  radioactive 
iodine  uptake  and  tlnroid  weight  and  histology  were  normal. 
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ABSTRACT 

An  (“loctron  iniproscopo  study  was  carried  out  on  hypothalamic  portions  of 
the  prcoptic-neuroliypophyseal  tract  and  in  the  infundibular  process  of  toads  in 
normal  water  balance  or  treated  experimentally  to  produce  release  of  the  pos¬ 
terior  pituitary  hormones. 

.\xons  containing  neurosecretory  granules  have  been  observed  in  the  hypo¬ 
thalamus  (region  I)  in  the  hilum  of  the  infundibular  process  (region  II),  near 
the  capillaries  (region  III)  and  at  the  ending  proper  (region  IV). 

The  neurosecretory  granules,  that  are  formed  within  special  dense  vesicles, 
have  a  high  electron  density  and  are  surrounded  by  an  enveloping  membrane. 

Their  size  increases  from  (520  .4  in  region  I  to  1350  .4-1500  .4  in  regions  II 
and  III. 

.\t  the  ending  (region  IV)  a  seeond  comj)onent  appears  which  is  similar  to 
the  synaptic  vesicles  described  by  De  Robertis  and  Bennett  (1954).  d'he  mean 
size  of  the  vesicles  is  of  420  .4  and  the  histograms  show  no  overlapping  between 
these  components.  Within  the  axons  of  region  I  to  III  neuroprotofibrils  and 
finer  neurofilaments  are  observed.  In  all  parts  of  the  axons  there  are  bizarrcly 
shaped  mitochondria  that  bear  no  relationship  to  the  neurosecretory  material. 

In  chronicallj*  dehj-drated  animals  the  neurosecretorx'  granules  disappear  from 
the  endings  but  persist  in  other  regions  of  the  axon.  .\t  the  endings  the  synaptic 
vesicles  remain  and  api)ear  to  increase  in  number  after  chronic  dehydration. 

In  acutely  dehj-drated  animals  (injection  of  hj-pc'rtonic  XaCl)  most  neuro- 
secrc'torj'  granules  disappc-ar  and  onlv  some  emptj-  membranes  are  observed 
at  the  endings.  In  this  case  also  the  synaptic  vesicles  seem  to  decrease  in  num- 
b(‘r.  Ether  anesthesia  jiroduces  a  massive  release  of  neurosecretion  and  vacuo¬ 
lization  of  the  nerve  endings. 

'i'hc  concept  of  axoplasmic  flow  of  neurosecretion  is  discuss(>d  on  the  basis 
of  our  findings.  It  is  concluded  that  in  addition  to  the  streaming  of  secretion 
there  should  be  a  i)rogrcssive  sj-nthesis  of  matc-rial  along  the  axon. 

The  probable  mechanisms  of  release  are  discussed  and  compared  with  those 
in  other  neurohumoral  secretorj-  jjrocesses.  hj-pothesis  is  advanced  about 
the  possible  role  plajed  bj-  the  sj  naptic  vesicles  in  the  function  of  neurosi'cre- 
torj-  nerve  fibers. 

The  general  structure  of  the  neurohypophysis  has  been  elucidated  by 
use  of  liistological  techniques.  It  is  now  generally  admitted  that  the 
main  body  of  this  gland  consists  of  unmyelinated  nerv-e  fibers  whose  per- 
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icarva  aro  in  sevcnal  hypotlialamic  nuclei,  particularly  the  supraoptic  and 
paraventricular.  These  nerve  fibers  are  intermingled  with  spe(*ial 
cells  called  pituicytes  and  end  on  the  blood  capillaries  by  means  of  en- 
lar}»:ed  endings.  In  the  opossum  which  is  a  very  favorable  material  be¬ 
cause  of  the  anatomical  organization  of  the  gland,  Bodian  (1)  distinguished 
a  hilar  portion  containing  the  branches  of  the  hypothalamic-hypophyseal 
tract  and  a  palisade  region  in  which  the  enlarged  endings  are  perpendicu¬ 
larly  oriented  toward  the  connective  and  vascular  septa  that  divide  the 
gland  into  lobules.  These  hypothalamico-hypophyseal  fibers  contain  the 
typical  neurosecretory  material  that  can  be  also  found  in  the  pericarya 
with  selective  staining  technicpies  such  as  thedomori  chrome-alum-hema¬ 
toxylin  (see  2  and  :i). 

The  electron  microscope  has  so  far  been  applied  to  the  neurohypophysis 
of  several  mammals  (4,  5,  (i,  7,  S),  to  birds  and  reptiles  (0  and  10). 

These  studies  have  revealed  the  presence  of  a  neurosecretory  material 
along  the  axons  and  at  the  terminals  composed  of  dense  granules  of  about 
0.1  p.  In  addition  Palay  (5)  and  (Ireen  and  Maxwell  (S)  have  described 
another  component  composed  of  pale  granules  or  vesicles  whose  nature  is 
discussed.  The  origin  of  this  neurosecretory  material  has  not  been  com¬ 
pletely  elucidated.  For  example  (Jreen  and  Maxwell  (8)  consider  that  the 
secretory  granules  are  formed  by  the  mitochondria  found  along  the  axons 
and  Bargmann  and  Knoop  ((>)  maintain  that  it  is  not  possible  to  exclude 
the  mitochondrial  origin  of  the  granules. 

To  our  knowledge  the  neurohypophysis  of  amphibia  so  far  has  not  been 
studied  with  the  electron  microscope.  In  this  case  there  is  only  one  neuro¬ 
secretory  nucleus  in  the  hypothalamus  the  preoptic  nucleus-  which  is 
characterized  by  a  rich  vascular  bed  and  the  presence  of  neurosecretion. 
The  axons  can  be  followed  histologically  from  the  preoptic  nucleus  through 
the  hypothalamico-neurohypophyseal  tracts  to  the  endings  on  the  larg(“ 
capillaries  of  the  infundibular  process  (Fig.  1).  In  the  toad  Biifo  arenarum 
Hansel,  the  neurosecretory  material  is  abundant  and  accumulates  around 
the  capillaries. 

In  the  toad,  as  in  other  species,  dehydration  produces  a  diminution  of 
the  neurosecretory  material  and  at  the  same  time  the  antidiuretic  activity 
of  the  tissue  decreases  (11). 

In  this  work  the  fine  structure  of  the  neurohypophysis  of  the  toad  Bufo 
arenarum  Hansel,  has  been  studied  with  improved  methods  of  fixation 
and  high  resolution  microscopy.  The  neurosecretory  axons  have  been  fol¬ 
lowed  from  the  hypothalamus  and  through  the  hilar  regions  toward  the 
final  ending  on  the  capillaries.  In  addition  to  the  neurosecretory  material 
a  vesicular  component  similar  to  the  synaptic  vesicles  has  been  found  in 
the  terminal  region  of  the  nerve  endings.  These  two  components  have  been 
studied  in  animals  with  the  normal  water  balance  and  in  experiment  a’ 
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conditions  known  to  release,  acutely  or  chronically,  the  hormones  of  the 
neurohypophysis. 


TECHNIQUES 

'I'lic  material  was  from  adult  male  toads  {liufu  annarum  Hensol)  maintained  in  cap¬ 
tivity  and  saerified  in  different  seasons.  Three  main  ])roeednres  wer*'  followed  for  the 
extraction  of  the  tissue:  a)  Rapid  decapitation  without  anesthesia  and  opiminf;  of  the 
skull  thronnh  the  l)as(“,  h)  extraction  after  ether  anesthesia  which  is  known  to  produce  a 
massive  liberation  of  antidiuretic  hormone  (12),  c)  extraction  after  anestlu'sia  with 
d()%  alcohol  injected  intrai)eritoneally  or  by  a  f'astric  tube.  This  treatment  does  not 
produce  hormone  liberation  (13). 

After  dissection  of  the  hypothalamic  and  neurohyixtphyseal  regions  small  i)ieces 
of  tissues  were  taken  from  the  preoi)tic-neurohypoi)hyseal  tract  luair  the  preojitic  nu¬ 
cleus  and  from  the  infundibular  i)roc(‘ss  of  the  neurohypophysis.  In  Figun*  1  is  indicatcal 
a  diagram  of  the  main  anatomical  disposition  of  this  region  in  the  toad  and  ap|)roxi- 
mately  the  zones  which  were  then  studied  under  the  electron  microsco))(‘. 

Fixation  was  carried  out  in  1%  osmium  tetroxide  dissolved  in  Periston  (Hayer).  a 
plasma  substitute  containing  |)olyvinylpyrrolidone  and  ions.  The  fixation  in  Dalton’s 
osmium  tetroxide-])otassium  bichromate  fluid  did  not  give  good  ri'sults.  .\fter  embedding 
in  butyl  and  methylmetacrylate  (9:1)  the  sections  were  made  with  a  Porter-Rlum 
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inicrotomc.  Ohsorvaticnis  were  carried  out  with  an  RCA  EM2D  microscope  provided 
witli  a  Canalco  stigniator. 

OBSERVATIONS 

1.  Electron  microscopic  observations  of  the  neurohypophysis  in  normal  toad 

III  the  diagram  of  Figure  1  is  indicated  the  general  anatomical  disposi¬ 
tion  of  tlie  liypotlialamic  neurohypophyseal  system  of  the  toad  and  the 
regions  from  which  the  material  was  dissected  and  fixed  for  the  electron 
microscope  study. 

The  following  description  applies  to  the  neurosecretory  axons  found  in 
toads  with  a  normal  water  balance  and  which  were  fixed  either  after  rapid 
decapitation  or  after  alcohol  anesthesia.  The  region  in  which  the  neuro¬ 
secretory  axons  were  found  correspond:  I)  to  the  hypothalamus  proper 
near  the  preoptic  nucleus,  II)  to  hilar  regions  of  the  infundibular  prpeess, 
III)  to  the  vicinity  of  the  nerve  terminals  and  IV)  at  the  nerve  endings  on 
the  capillaries  of  the  neurohypophysis. 

I)  Xcurosccrction  in  nerve  axons  of  the  hypothaknnus 

In  electron  micrographs  of  the  hypothalamus  near  the  preoptic  nucleus 
axons  containing  neurosecretory  material  can  be  observed  (Fig.  2).  Un¬ 
myelinated  nerve  fibers  between  0..5  to  1  g  or  more  in  diameter  appear 
which  contain  different  types  of  structures.  In  some  axons  smooth  con¬ 
toured  neuroprotofibrils  of  200-do0  A  in  diameter  are  abundant;  in  others 
a  vesicular  material  is  also  observed. 

Xeurosecretion  consists  of  granules  of  high  electron  density  in  the  center 
and  a  definite  membrane  at  the  periphery.  Clu.sters  of  these  granules  are 
seen  intermingled  with  the  dense  vesicular  material  and  on  the  basis  of 
sizes  and  density  intermediary  stages  between  them  can  be  traced.  In 
other  axons  there  is  predominance  of  the  vesicles,  but  a  few  of  them  have  a 
denser  content  of  neurosecretion.  Measurements  on  44  of  these  granules 
give  a  diameter  varying  between  4()()  to  920  A  with  a  mean  of  020  A  (Table 

I) .  In  these  hypothalamic  nerve  fibers,  mitochondria  are  also  pre.sent  and 
they  can  be  clearly  difi'erentiated  from  the  vesicular  material  and  the  gran¬ 
ules  of  neurosecretion. 

II)  Xenroseeretion  i)i  hilar  areas  of  the  infundibular  process 

In  electron  micrographs  of  hilar  areas  of  the  supraoptico-hypophyseal 
tract,  situated  within  the  infundibular  process  proper,  pituicytes  and  axons 
containing  secretory  material  can  be  found.  In  Figure  8  portions  of  two 
pituicytes  showing  the  nucleus  and  several  details  of  the  fine  structure  of 
the  cytoplasm  are  seen.  In  the  bottom  part  there  are  two  axons  containing 
neurosecretory  granules  that  are  definitely  larger  than  those  ob.served  in 
the  hypothalamus.  These  granules  are  best  .seen  in  Figure  4,  within  parallel 
unmyelinated  axons.  The  granules  show  high  electron  densit}’  and  are 


Fig.  2.  Electron  n)icro>!;rai)h  of  axons  of  the  hj  pothalainus  in  region  I  (see  Fig.  1)  of 
a  normal  toad.  Several  axons  containing  neuro])rotofd)rils  («/>/),  mitochondria  (tni)  and 
neurosecretion  (rin)  are  observed.  There  is  a  vc'sievdar  material  within  which  the  ns  is 
formed  (arrows).  41000X. 
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practicall.v  homogeneous  tliroughout.  However,  in  many  of  them  a  thin 
surfaee  membrane  separated  from  the  dense  granule  by  a  clear  space  can 
be  observed.  The  size  of  the  granules  in  this  hilar  region  is  definitely  larger 
than  in  the  hypothalamus.  In  a  total  of  09  measurements  the  sizes  varied 
between  000  and  2.100  A  with  a  mean  of  Id.lO  A  (Table  1).  In  Figure  4 
other  details  of  structure  of  the  nerve  fibers  can  be  ob.served.  Some  of  the 
axons  appear  eidarged  and  with  a  watery  aspect  and  contain  mitochondria, 
neurosecretion  and  a  few  membranous  components  interpreted  as  endo¬ 
plasmic  reticulum.  In  the  others  the  axoplasm  is  denser  and  shows  abun¬ 
dant  neurofibrillar  elements  of  two  types.  Some  are  neurofilaments  (less 
than  100  A  thick)  and  others  neuroprotofibrils  of  200  800  A  in  diameter 
with  smooth  contours  and  tubular  aspect  similar  to  those  described  by 


TaHI.K  1.  SlZK  OK  XEl'ROSECRETORY  GRANTEES  AND  SYNAPTIC 
VESICEES  IN  NEI  ROIIYPOPIIYSIS 


Rpt'ioii 

No.  of  oh- 
servations 

Hang(‘  in 

A 

Moan  size 
in  A 

1.  Axons  in  )iy])otlialainus 

44  i 

4(t()-  !)•_>() 

()20 

II.  Axons  in  hilar  infnn- 
(lil)ular  rettion 

h'.l 

()00~20()() 

i:{.50 

III.  Axoiis  noiir  onding 

(io 

1  ()()()  2()()() 

1.500 

'  IV.  ’rcnninal  entling 

7() 

(>()() 

1700 

11.50 

Synajitic  vcsich's  IV.  'rcrminal  ciulint; 

•->(){) 

7.50 

4:{0 

l)e  Hobertis  and  Franchi  (14)  in  Isolated  axoplasm.  In  these  denser  axons 
a  few  neurosecretory  granules  aligned  in  rows,  mitochondria  and  some 
large  clear  vacuoles  can  be  found. 

III)  A'curosccniory  material  in  the  nerve  axons  near  the  terminal 

Region  III,  .situated  near  the  blood  vessels  of  the  infundibular  process, 
correspond  to  enlarged  axons  of  irregular  shape  filled  with  neurosecretory 
material  and  where  the  other  components  of  the  axon  are  less  apparent 
(FiK.o). 

The  neuro.secretory  granules  are  similar  to  those  described  in  the  hilar 
axons.  There  are  mitochondria  with  a  bizarre  shape,  that  can  be  readily 
differentiated  from  the  granules  and  only  a  few  neuroprotofibrils  and  vac¬ 
uoles.  In  this  region  the  neurosecretor}'  granules  reach  the  largest  .size  with 
a  mean  diameter  of  1.500  A  in  0.5  determinations  (Table  1). 

IV)  Neuroseeretorij  material  at  the  terminal  ending 

The  terminal  portion  or  ending  immediately  adjacent  to  the  capillaries 
is  characterized  by  the  presence  of  two  types  of  neurosecretory  material 
(Figs.  0  and  7).  One  is  repre.sented  by  the  dense  neurosecretory  granules 
described  above,  and  the  other  by  a  new  vesicular  component  which  is 
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similar  in  size,  sliape,  and  density  to  tliat  found  in  synaptic  terminals  and 
in  other  nerve  endings  (15)  and  which  were  originally  described  as  synaptic 
vesicles  by  l)e  Uobertis  and  Bennett  (lb).  This  name  wilt  be  tentatively 
applied  here  to  this  component. 

In  this  region  the  density  of  the  neurosecretory  granules  may  vary  con¬ 
siderably  and  some  of  them,  found  near  the  capillary,  show  a  decreased 
density  as  if  some  material  had  been  released  from  them  (Fig.  7).  In  these 
normal  animals  membranes  apparently  corresponding  to  empty  neuro¬ 
secretory  granules  can  be  found.  The  size  of  the  granules  is  in  this  region 
slightly  smaller,  of  the  order  of  1200  to  1100  K  in  70  measurements 
(Table  1). 

The  synaptic  vesicles  of  the  neurohypophy.sis  are  morphologically  similar 
to  those  found  in  central  and  peripheral  synapses.  They  are  round  or 
ovoid  with  a  definite  membrane  40-50  A  thick  and  a  clear  content  that  has 
a  density  slightly  higher  than  the  matrix  (Figs.  0  and  7).  The  detailed  ob¬ 
servation  of  this  vesicular  component  shows  that  it  has  no  relationship 
with  the  granules  of  neurosecretion.  There  are  no  intermediary  forms  in 
between  them  and  the  measurements  show  a  completely  different  range  of 
dimensions.  In  200  determinations  the  mean  diameter  was  of  the  order  of 
450  k  with  sizes  ranging  between  250  and  750  A  (Table  1). 

In  Figure  S  histograms  of  the  diameter  of  200  synaptic  vesicles  and  of 
ISO  neurosecretory  granules  in  the  axons  and  endings  of  regions  III  and  IV 
are  shown.  The  wider  distribution  of  the  granules  may  be  due  in  part  to 
the  fact  that  many  of  them  may  be  sectioned  at  different  levels  from  the 
equator.  The  distribution  of  the  two  components  shows  practical'y  no 
overlap,  with  peaks  that  are  at  a  significant  distance  one  from  the  other. 

The  observation  of  a  large  number  of  electron  micrographs  shows  that 
(he  synaptic  vesicles,  that  are  concentrated  in  the  terminal,  are  mixed  in 
different  proportions  with  the  neurosecretory  granules  in  region  IV.  In 
some  instances  neurosecretion  or  synaptic  vesicles  are  found  almost  ex¬ 
clusively,  but  in  the  majority  there  is  a  mixture  of  the  two  components  in 
different  proportions  (Figs.  0,  7  and  15). 

In  this  terminal  region  large  mitochondria  can  be  found,  some  of  which 
have  an  arched  or  more  bizarre  shape.  They  can  be  clearly  differentiated 
from  the  neurosecretory  material  and  from  the  synaptic  vesicles  and  there 
are  no  intermediary  forms  between  them. 

In  this  region  IV  other  details  of  the  relationship  between  the  endings 
and  the  large  blood  capillaries  are  apparent.  The  endings  are  in  direct  con¬ 
tact  with  a  thick  basement  membrane  which  shows  a  definite  fibrillar 
structure  and  beyond  this  there  is  a  thin  dense  endothelium  containing 
clear  vacuoles.  The  thickness  and  development  of  the  basement  membrane 
is  really  striking.  Another  interesting  feature  is  the  lack  of  glial  expansions 
around  the  capillary  walls  that  is  regularly  found  in  other  parts  of  the 
CXS  (17). 


Fig.  7.  The  same  as  Fift-  h.  The  cai)illary  lumen  (cl),  the  eai)inary  endothelium  (re) 
and  the  basement  membrane  (bni)  are  seen  at  the  bottom.  The  enlarged  endings  are 
lillefl  with  n.<?  granules  some  of  which  ai)pear  to  have  released  part  of  the  content.  The 
synaidie  vesicles  arc  abundant  in  some  parts  of  the  endings  (sv).  44000  X. 
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2.  Electron  microscope  obscrvcitions  on  the  ncnrohijpophysis  of  experimental 
animals 

The  following  description  corresponds  to  changes  observed  in  the  in¬ 
fundibular  portion  of  the  neurohypophysis  under  experimental  conditions 
known  to  produce  the  release  of  the  neurohypophyseal  hormones.  These 
changes  were  more  apparent  in  the  region  of  the  ending  proper  or  region 
IV  described  above  in  the  normal  controls. 

a)  Xeuroseeretion  in  toads  after  long  periods  of  dehydration 

The  considerable  changes  produced  by  the  prolonged  dehydration  of  the 
animal  are  illustrated  in  Figure  9.  This  is  a  low  power  electron  micrograph 
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Fig.  S.  Histogram  showing  the  percentage  distrilnition  of  synaptic  vesicles 
and  neurosecretory  granules  in  the  normal  toad. 

of  one  of  the  large  capillaries  of  the  infundibular  process  with  the  endo¬ 
thelium  and  the  thick,  fibrillar  basement  membrane  that  sends  expansions 
in  between  some  of  the  terminals.  The  most  striking  change  that  has  oc¬ 
curred  is  the  disappearance  of  practically  all  neurosecretory  gramdes  from 
the  endings  in  region  IV.  A  zone  of  several  micra  around  the  capillary  is 
now  practically  devoid  of  granules.  In  this  region  the  endings  are  filled 
only  with  synaptic  vesicles.  This  is  even  more  clearly  seen  in  Figure  10  at 
higher  magnification.  Only  a  few  neurosecretory  granules  are  found  at  the 
endings  which  are  filled  with  numerous,  tightly  packed  synaptic  vesicles. 

Some  of  the  clusters  of  synaptic  vesicles  accumulate  near  the  periphery 
of  the  endings  and  appear  to  enter  into  direct  relationship  with  the  surface 
membrane.  In  region  III  away  from  the  terminals  the  axons  are  filled  with 
neurosecretory  material  as  in  the  normal. 

b)  Xenroseeretion  in  toads  injected  with  hypertonic  XaCl 

The  injection  of  hypertonic  NaCl  is  known  to  induce  a  rapid  release  of 
antidiuretic  hormone  from  the  neurohypophysis.  Under  the  electron  micro- 
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Fic.  9.  micrograpli  of  roKion  IV  of  the  neurohypophysis  of  a  toad  after 

ehronie  dehydration,  cl  large  capillarj-  lumen,  ce  eapillary  endothelium.  Xumerous  end¬ 
ings  abutting  the  basement  membrane  are  observed.  They  show  numerous  synaptic 
vesicles  (st),  but  practically  no  neurosecretion  (ns).  Compare  with  Figs.  Band  7.  29000X. 


5 


Fig.  10.  The  same  as  Fi^.  8  at  higher  magiiifieation.  t)nly  few  neuro.seeretory  gran¬ 
ules  are  seen  in  region  IV.  They  arc  more  numerous  away  from  tlie  capillary  (region 
III).  The  synaptic  vesicles  seem  to  have  increased  in  number  ami  they  are  packed  at 
certain  spots  near  the  membrane.  50000  X. 


Fig.  11.  Electron  micrograph  of  region  IV  in  a  toad  injected  10  ininute.s  prcviouslj- 
w  itli  hypertonic  XaCl.  The  endings  look  very  pale  and  are  lacking  neurosecretion.  .\ 
few  empt}'  granules  (em)  arc  seen,  tui  swollen  mitochondria.  The  synaptic  vesicles  (sv) 
seem  also  to  have  decreased  in  number  and  size  with  respect  to  the  normal  (sec  Fig.  7). 
48000 X. 
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scope  the  perieapillary  eiuliii{>:s  of  region  IV  are  practically  devoid  of  neuro¬ 
secretory  granules  (Fig.  11).  Only  a  few  of  them  are  found  and  several 
empty  membranes  remain  that  are  interpreted  as  evacuated  granules. 
Another  interesting  change  is  the  swelling  of  the  mitochondria,  which  was 
also  found  in  some  endings  after  prolonged  dehydration,  hut  which  is  more 
conspicuous  after  this  rapid  and  massive  treatment. 

The  nerve  endings  are  rather  pale  and  in  many  cases  devoid  of  synaptic 
vesicles.  Other  endings  show  a  number  of  them  but  on  the  whole  there  is  a 
clear  difference  from  the  controls  and  particularly  with  the  toads  after  long 
dehydration. 

c)  Xeurosecrctio)}  after  ether  anesthesia 

In  toads  anesthesized  with  ether  which  is  known  to  elicit  a  massive  re¬ 
lease  of  neurohypophyseal  hormones,  the  perieapillary  endings  are  prac¬ 
tically  devoid  of  secretory  granules  (Fig.  12).  The  entire  ending  is  filled 
with  empty  membranes  surrounding  clear  vacuoles  of  different  size.  Oidy 
a  few  of  the  smaller  vesicles  can  be  recognized  as  synaptic  elements,  the 
rest  is  a  mass  of  vacuolated  cytoplasm.  Mitochondria  show  no  definite 
changes  with  this  treatment. 


DISCUSSION’ 

Origin  and  evolution  of  the  nenroseeretory  granules 

The  observations  reported  here  are  in  general  agreement  with  the  estab¬ 
lished  concepts  of  the  neuronal  origin  of  secretion  in  the  neurohypophysis 
(see  reference  2-11).  While  in  the  past  it  was  claimed  that  parenchymatous 
cells  of  the  posterior  lobe  were  responsible  for  the  secretion,  the  findings  of 
cytological  changes  in  the  pituicytes  (18)  were  disproven  by  the  independ¬ 
ent  work  of  Hickey  ct  al.  (19)  and  De  Hobertis  and  Primavesi  (20). 

The  electron  microscope  observations  have  in  general  recognized  that 
the  neurosecretory  granules  are  found  within  the  axons  (5).  However  the 
presence  of  small  granules  within  pituicytes  is  reported  by  (Ireen  and  van 
Breemen  (4)  and  (Ireen  and  Maxwell  (8).  In  our  material  we  have  clearly 
observed  that  the  neurosecretion  is  contained  within  the  axons  and  nerve 
endings  and  that  the  pituicytes  have  no  such  material. 

The  prevailing  concepts  favor  the  view  that  the  neurosecretory  ma¬ 
terial  is  synthesized  within  the  pericaryon  of  the  hypothalamic  nuclei 
(preoptic  nucleus  in  the  toad)  and  then  migrates  along  the  axons  to  be  re¬ 
leased  at  the  endings  in  the  infundibular  process  of  the  neurohypophysis. 
Thus  the  accumulation  of  neurosecretion  above  the  cut  in  the  neurohypo¬ 
physeal  stalk  (21)  has  been  considered  as  an  important  evidence  for  this 
centrifugal  movement  of  neurosecretion. 

Recently,  however,  this  theory  of  the  axoplasmic  streaming  has  been 
criticised  by  Green  and  Maxwell  (8)  who  on  the  bases  of  certain  calcula¬ 
tions  reach  the  conclusion  that  probably  the  antidiuretic  hormone  is  formed 
all  along  the  pathway  of  the  axon.  The  authors  also  postulate  that  this 
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miglit  he  due  to  the  formation  of  neurosecretory  granules  from  tlie  mito- 
eliondria  present  in  all  segments  of  the  axon.  Our  observations  that  are 
summarized  in  the  diagram  of  Fig.  i:h\  throw  some  light  on  these  eonfliet- 
ing  views.  The  finding  of  a  definite  increase  in  size  of  the  granules  along  the 
preoptic-neurohypophyseal  tract  seem  to  us  of  fundamental  importance. 


Fig.  1.3.  Diagram  of  a  ncurosocretory  axon  in  the  <liffprcnt  regions  (I,  II,  III  and  IV) 
deserihed  in  the  ])aper.  A.  From  a  control  animal.  R.  From  a  chronically  dehydrated 
toad.  See  the  release  of  neuroseeretion  (n-s)  from  ri'gion  IV  and  the  increase  in  synaptic 
vesicles  (sv).  npf  neuroprotofihrils.  mi  mitochondria.  The  relative  size  of  the  granules 
in  the  different  regions  and  of  the  syna])tie  vesicles  is  maintained,  hm  basement  mem¬ 
brane,  ce  eajiillary  endothelium,  cl  eapillarj-  lumen. 
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As  indicated  in  Table  1  tlie  neurosecretory  granules  increase  from  020  A 
in  region  I  of  tlie  hypothalamus  to  1350  A  and  1500  A  in  the  infundibular 
process.  Finally  at  the  terminal  the  mean  diameter  appears  to  be  reduced 
(1150  A)  probably  because  of  the  liberation  of  the  secretion.  These  changes 
in  dimensions  of  the  granulesare  interpreted  as  indicating  that  the  synthe.sis 
of  neurosecretory  material,  probably  initiated  in  the  pericaryon,  continues 
along  the  axon  so  that  the  secretion  reaches  complete  maturation  near  the 
ending.  In  view  of  our  findings  the  concept  of  axoplasmic  streaming  of  the 
secretion  .should  be  supplemented  with  that  of  a  progressive  sgnthesis  along 
the  axon.  This  combined  concept  may  probably  explain  the  difficulties 
found  by  (been  and  Maxwell  (S)  to  calculate  the  rate  of  formation  and 
streaming  of  the  granules  considering  the  pericarya  of  the  hypothalamic 
nucleus  as  the  only  source  of  synthesis. 

Our  observations  clearly  show  that  the  neurosecretory  material  is 
formed  within  a  dense  vesieular  component  of  the  axon  and  not  from  mito¬ 
chondria  as  assumed  by  (been  and  Maxwell  (8).  These  vesicles  become 
filled  with  a  dense  homogeneous  content  and  even  the  largest  granules  show 
the  presence  of  a  single  enveloping  membrane. 

The  high  electron  density  of  the  granules  is  probablj'  indicative  of  a 
dense  molecular  packing  within  the  membrane.  The  presence  of  — SH  and 
S  -S-groups  demonstrated  histochemically  in  the  neurosecretion  of  the  toad 
(22)  may  also  explain  the  high  density  by  a  strong  reduction  of  the  osmium 
tetroxide.  The  presence  of  phospholipids  may  also  contribute  to  the  elec¬ 
tron  opacity.  Thus  Baker’s  test  for  phosphatids  was  found  positive  in 
neurosecretion  (23)  and  lecithinases  were  found  to  remove  the  neurosecre¬ 
tion  from  a  histological  section  of  the  toad’s  neurohypophysis  (24). 

Release  of  nenrosecretion 

It  is  generally  admitted  that  the  neurohypophyseal  hormones  are  se¬ 
creted  continuously  in  a  steady  state  which  can  be  changed  more  or  less 
abruptly  by  different  experimental  conditions. 

In  control  animals  anesthesized  with  alcohol — which  is  known  not  to 
induce  release  of  the  hormones  (13) — we  have  observed  that  in  the  nerve 
endings  (region  IV)  the  granules  not  only  are  slightly  smaller  but  show  a 
variable  electron  density  (Fig.  7).  This  is  at  variance  with  the  granules  of 
region  III  in  which  the  density  is  practically  .similar.  This  finding,  comple¬ 
mented  by  the  presence  of  large  vesicles  formed  by  the  membranes  of 
emptied  granules,  is  interpreted  as  morphological  evidence  of  this  continu¬ 
ous  release  of  secretion  at  the  ending. 

The  process  of  release  is  greath'  increa.sed  in  animals  in  which  there  is  a 
massive  output  of  hormones  as  in  the  ca.se  of  ether  anesthesia  (12)  or  after 
the  injection  of  hypertonic  XaCl.  Also  after  chronic  dehydration  the  re¬ 
lease  of  neuro.secretory  granules  from  the  ending  is  almost  complete.  The 
finding  of  numerous  empty  vesicles  and  membranes  in  the  acute  experi¬ 
ments  is  indicative  that  the  release  of  the  granules  is  by  liberation  of  the 
small  molecular  components  contained  within  the  membrane  and  not  by 
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the  discharge  of  the  entire  granule.  In  this  sense  the  meehanism  seems  to 
he  to  some  extent  similar  to  that  found  by  De  Rol)ertis  and  Vaz  Ferreyra 
(25)  in  the  release  of  the  catechol  containing  droplets  from  the  adrenal 
medulla  after  stimulation  of  the  splanchnic  nerve. 

The  finding  that  the  release  affects  mainly  region  IV  (ending)  while  the 
content  of  granules  is  maintained  or  may  he  even  increased  in  the  other 
regions  (Fig.  13B)  is  probably  related  to  other  important  properties  of  the 
endings. 

Significance  of  the  synoptic  vesicles  in  nenrohypophysis 

The  observations  of  a  small  vesicular  component  that  has  the  morpho¬ 
logical  characteristics  of  the  synaptic  vesicles  described  by  I)e  Robertis 
and  Bennett  (lb)  in  many  synapses  (see  15)  is  of  particular  interest.  Palay 
(5)  who  found  this  small  vesicular  component  in  the  endings  of  the  neuro¬ 
hypophysis  interpreted  them  as  synaptic  vesicles.  Clreen  and  Maxwell  (S) 
have  also  recognized  a  pale  vesicular  component  but  their  interpretation 
is  not  very  definite.  For  these  authors  there  is  probably  a  gradation  be¬ 
tween  the  dense  and  the  pale  granules  which  might  be  related  to  the  physi¬ 
ological  .state  of  the  gland. 

The  findings  reported  here  definitely  show  that  the  neurosecretion  gran¬ 
ules  and  the  sjnaptic  vesicles  are  two  essentially  different  components. 
While  the  granules  are  found  all  along  the  preoptic-neurohypophyseal 
tract  the  synaptic  vesicles  are  confined  to  the  ending  (Fig.  13.\.).  Further¬ 
more  the  differences  in  size  (Fig.  8)  and  morphological  and  experimental 
behavior  of  both  components  leave  no  doubt  about  their  special  identi¬ 
fication. 

The  synaptic  vesicles  apparently  do  not  follow  the  changes  ob.served  in 
the  secretion  granules.  In  chronic  dehydration  there  is  a  release  of  the  gran¬ 
ules  but  the  vesicles  are  maintained  and  the\'  may  even  increase  in  number. 
Although  actual  measurements  were  not  performed  the  impression  is 
gained  that  the  packing  density  of  the  synaptic  vesicles  has  increased  with 
this  treatment  (Fig.  10).  This  fact  is  reminiscent  of  the  increase  in  the 
number  of  .synaptic  vesicles  found  in  the  nerve  terminals  of  the  adrenal 
medulla  after  stimulation  of  the  splanchnic  nerve  with  impulses  of  a  cer¬ 
tain  frecjuency  (2b).  It  is  now  known  that  in  the  neurons  of  the  hypotha¬ 
lamic  nuclei  (27)  the  rate  of  firing  is  changed  by  the  injection  of  hypertonic 
.solutions  (27).  This  finding  seems  to  us  of  considerable  importance  in  ex¬ 
plaining  the  release  of  the  secretion  at  the  ending  and  the  changes  in  the 
synaptic  vesicles.  From  all  known  data  of  the  literature  (15)  it  seems  now 
possible  that  the  .synaptic  vesicles  contain  acetylcholine  or  other  chemical 
mediators  and  that  these  are  relea.sed  under  the  influence  of  the  nerve  im¬ 
pulse.  Furthermore  the  experiments  of  I)e  Robertis  and  Vaz  Ferreyra  (2b) 
have  shown  that  a  i)alan<‘e  may  exist  between  the  rate  of  formation  of  the 
vesicles  at  the  endings  and  the  release  by  stimulation  so  that  at  certain 
fretiuencies  the  number  of  vesicles  increases  while  at  others  they  may  be 
depleted  (15). 
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The  hypothesis  is  put  forward  here  tliat  in  the  nerve  endings  of  the  neuro- 
liypophysis  the  synaptic  vesicles  may  change  under  the  action  potentials 
delivered  by  the  neurons  and  arriving  at  the  ending. 

The  nerve  impulses  may  elicit  the  relea.se of  a  mediator  from  the  ending 
and  at  the  same  time  they  may  change  the  rate  of  formation  of  the  vesicles 
so  that  in  some  cases  (chronic  dehydration)  they  may  increase  in  number, 
or  in  others  they  may  be  depleted  (acute  dehydration,  ether).  This  working 
hypothesis  is  extended  further  by  postulating  that  the  .synaptic  vesicles 
may  in  some  way  elicit  the  actual  release  of  the  neurosecretion  from  the 
ending.  According  to  this  hypothesis  the  .synaptic  vesicles  would  have  a 
role  similar  to  that  of  the  nerve  endings  of  the  adrenal  medulla  whose  stim¬ 
ulation  produces  the  secretion  of  acetylcholine  and  this  in  turn  the  release 
of  the  catechol  amines  from  the  adrenal  cell.  In  this  case,  however,  both 
neurohumoral  mechanisms  would  be  integrated  within  the  same  cell. 
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KFFIX'TS  OF  MODFRATF  1)F(X)MPRFSS1()X  STRFSS 
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AHSTHAC'T 

TiuIct  conditions  of  moderate  deeoinj)ression  stress  (exposure  to  a  simu¬ 
lated  altitude  of  2S,()0()  feet  for  fit)  minutes),  intact  eats  showed  a  decrease  in 
l)lasma  potassium  eoneentration  from  4.42  m.eq.  L.  to  3.04  m.ecp  L.  and  an 
increase  in  plasma  glucose  from  an  initial  value  of  94  mg.%  to  354  mg.%. 
Chronically  adrenaleetomized  eats,  maintained  on  cortisone  and  I)(’.V,  ex¬ 
hibited,  under  similar  conditions,  a  reduction  in  i)lasma  potassium  from 
4.S5  in.ecp  L.  to  3.05  m.eq./L.  and  a  rise  in  plasma  glucose  from  103  mg.%  to 
2S0  mg.%.  Xo  significant  difference  was  found  between  the  plasma  potassium 
or  glucose  resi)onses  of  the  two  groups.  Cats  in  moderate  adrenal  insufficiency 
demonstrated  similar  changes,  plasma  j)otassium  decreasing  from  (5.04  m.e(p  L. 
to  4.S4  m.eq.  L.  and  j)lasma  glucose  rising  from  101  mg.%  to  272  mg.%.  On 
exposure  of  adrenaleetomized  cats  maintained  on  sui)portive  therapy  to  con¬ 
ditions  of  severe  decompression  stress  (40-45,000  feet),  however,  jilasma  jai- 
tassium  concentration  rose  markedly  to  almost  twice  the  initial  value,  while 
the  plasma  gluco.se  increased  three-  to  fourfold. 

The  results  agree  with  those  obtained  in  similar  exi)eriments  conducted  on 
dogs,  and  tend  to  contradict  previous  results  involving  anesthetiz<‘d.  acutely 
adrenaleetomized  eats. 

IN  A  recent  report  from  this  laboratory  (1)  it  was  shown  that  in  do^s 
the  hypokalemic  response  to  moderate  decompression  stress  is  not 
appreciably  altered  by  removal  of  the  adrenal  glands.  Previous  experi¬ 
ments  with  cats  (2)  and  rats  (8)  indicated  that  in  these  animals,  on  the 
other  hand,  the  response  is  abolished  by  adrenalectomy,  and  is  therefore 
apparently  mediated  by  the  adrenal  glands. 

In  reviewing  the  procedure  u.sed  on  the  cat  (2),  it  was  noted  that  anes¬ 
thetized,  acutely  adrenaleetomized  animals'^  were  used,  the  experiments 
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’  In  this  paper  the  term  “chronically  adrenaleetomized”  refers  to  animals  which 
were  allowed  a  postf)perativ(‘  recovery  perif)d  of  at  least  two  weeks  before  bt'ing  sub¬ 
jected  to  the  experimental  procedure.  “.Vcutelj-  adrenalectomizc'd”  refers  to  animals 
subjected  to  experimentation  within  two  hours  after  operation. 
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beiiiK  conducted  within  two  hours  following  the  operation.  Experience 
with  dogs  (1)  has  indicated  that  anesthesia,  combined  with  postoperative 
trauma,  tends  to  diminish,  and  sometimes  abolish,  the  potassium  response 
to  an  altitude  of  30,000  feet. 

The  principal  objective  of  the  pre.sent  .study  was  to  determine  the  plasma 
pota.ssium  response  of  the  unanesthetized,  chronically  adrenalectomized 
cat®  to  moderate  decompression  stress.  The  response  of  plasma  glucose  to 
the  same  conditions  was  also  measured. 


METHODS 

Throe  male  and  eight  female  eats,  weighing  between  1..t  and  2. .5  kg.,  were  subjected 
to  deeonipn'ssion  stress  in  the  intact  state.  Five  of  the  animals  were  then  a<lrenalee- 
tomiz(‘d  bilaterally  via  midline  abdominal  incision,  and  subsequently  maintained  on 
daily  injections  of  cortisone  acetate  {n  mg.  jier  day,  i.m.)  and  desoxyeortieostcrone 
acetate  (0..5  mg.  per  day,  i.m.).  Except  in  five  instances,  to  be  described,  injections 
were  continued  through  the  day  jjrior  to  an  experiment. 

The  experimental  proee<lure  was  identical  on  both  intact  and  adrenalectomized  ani¬ 
mals.  \  blood  sample  (5  ee.)  was  taken  from  the  left  heart  b\'  cardiac  puncture.  Im¬ 
mediately  thereafter  the  animal  was  i)laeed,  unrestrained,  in  an  altitude  chamber  and 
decompressed  to  a  simulated  altitude  of  28,000  feet  within  2  to  3  minutes.  .Vt  the  end 
of  00  minutes  of  exposure  to  this  altitude,  the  animal  was  returned  to  ground  level, 
removed  from  the  chamber,  and  another  blood  sample  taken  by  cardiac  puncture  with¬ 
in  one  minute.  Control  exj)eriments  were  carried  out  in  an  identical  manner,  exeej)! 
that  actual  decompression  was  not  accomplished.  A  period  of  at  least  two  weeks  was 
allowed  to  elai)se  between  repetitive  experiments  on  any  animal,  in  order  to  permit 
eomj)lete  recovery  from  the  procedure. 

In  five  instances,  adrenalectomized  eats  were  allowed  to  become  moderately  insuf¬ 
ficient  by  withholding  cortisone  and  DC.V  for  the  four  days  preceding  the  exi)erinient. 

Plasma  i)ota.ssium  concentrations  were  determined  by  internal  standard  flame  jiho- 
tonudry,  and  i)lasma  glucose  concentrations  by  the  Homogyi  method  (4)  using  Nelson’s 
arsenate  molybdate  reagent  (.5). 


RESULTS 

Kjferts  of  moderate  decompression  stress  on  intact  cats 

Table  1  indicates  the  effects  of  deeompre.ssion  .stress  on  plasma  potas¬ 
sium  and  glueo.se  eoneentrations  in  ten  experiments  carried  out  on  intact 
cats  exposed  to  a  simulated  altitude  of  28,000  feet  for  00  minutes.  Nine 
different  animals  were  used  in  this  .series.  In  every  case  there  was  a  de¬ 
crease  in  plasma  potassium  after  exposure.  Tlie  change  in  the  mean  value 
from  4.42  m.eq./L.  to  8.04  m.etp/L.  represents  a  decrease  of  81.2%.  Blood 
gluco.se  concentration,  on  the  other  hand,  was  found  to  be  increased  in 
each  ca.se  after  deeompre.ssion,  with  the  mean  value  rising  from  04  mg.% 
to  8.54  mg.%,  an  increase  of  277%.  In  nine  control  experiments,  summa¬ 
rized  at  the  bottom  of  the  table,  no  significant  change  was  ob.served  in 
eitiier  plasma  potassium  or  gluco.se  concentration. 
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Table  1.  Ekkects  ok  modekate  decompkessiox  stress  on  intact  cats* 


I’lTMleconiprcssioii  1  )(>coin|)r(‘ssioii 


Cat  N< 

Kxpt.  No. 

Plasma  K 

Plasma  fjl'H’os**' 

Plasma  K 

Plasma  slucosp 

(m.(‘([.  /  L.) 

(mn.%) 

(m.cip ,  L.) 

(niK.%) 

1 

2:f 

a.  70 

80 

2.27 

18a 

:{1 

4.00 

74 

a .  4a 

485 

Ill 

24 

4  .a7 

88 

2.4a 

.50.5 

1.') 

17 

4,2.') 

04 

a.  05 

244 

17 

1 

14 

80 

a .  40 

aai 

17 

M) 

a.  84 

04 

2.08 

aoo 

18 

4.2a 

01 

2 . 77 

aia 

lil 

1(1 

.5 . 00 

127 

4 . 55 

27!1 

20 

18 

4.85 

08 

a .  40 

28a 

21 

.")0 

4.oa 

100 

2.a4 

5.52 

Mean 

4.42 

04 

a.  04 

a54 

S.  E.t 

±  .  10 

±4 

±  .22 

±  ao 

I'lidcconiprcsstal  Control.^ 

Mean  (0 

pxpts.) 

4.. 57 

07 

4.40 

no 

S.  E.t 

±.17 

±0 

±  .10 

±0 

*  US.OOO  for  (>()  minutes, 
t  Standaril  error  of  the  mi'aii. 


Effects  of  moderate  decompression  stress  on  adrenaJeetoniized  cats  main¬ 
tained  on  cortisone  and  DC  A 

As  shown  ill  Table  2,  a  decrease  in  plasma  potassium  eoneentration 
oeeurred  in  each  of  ten  t'xperiments  involving  four  adrenaleetomized  eats 
maintained  on  cortisone  and  DCA.  The  change  in  the  mean  value  from 
4. So  m.et}.  I-i-  to  R.tio  m.etp  L.  represents  a  reduction  of  24.7%.  As  in  in¬ 
tact  cats,  a  marked  increa.se  was  noted  in  the  blood  glucose  level  following 
decompression.  From  an  initial  mean  value  of  10:^  nig.%  the  concentration 
increased  to  280  mg.  %,  a  change  of  178%.  A  summary  of  nine  control 
experiments,  involving  adrenaleetomized  animals,  is  shown  at  the  bot¬ 
tom  of  the  table.  No  significant  changes  are  indicated. 

Effects  of  moderate  decompression  stress  on  cats  in  adrenal  insufficieneij 

As  a  supplement  to  the  preceding  studies,  five  additional  experiments 
were  carried  out  on  three  adrenaleetomized  cats  from  which  cortisone  and 
DCA  had  been  withheld  to  produce  moderate  adrenal  insufficiency.  Table 
3  shows  the  results  of  these  experiments.  As  in  intact  animals,  and  ad- 
renalectomized  animals  maintained  on  supportive  therapy,  there  is  a  de- 
crea.se  in  the  plasma  potassium  level,  and  an  increase  in  the  glucose  con¬ 
centration. 

Effects  of  severe  decompression  stress  on  adrenaleetomized  cats 

Four  experiments  were  conducted  on  two  of  the  adrenaleetomized  ani¬ 
mals  to  determine  the  changes  in  plasma  potassium  and  glucose  under 
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Table  2.  Effects  of  moderate  decompression  stress  on  adrenalectomized  cats 

MAINTAINED  ON  CORTISONE  AND  DCA* 


Predeeomjiression 

Decompression 

C.at  Xo. 

Expt.  Xo.  I 

Plasma  K 

Plasma  glucose 

Plasma  K 

Plasma  glucose 

1 

(m.eq./L.)  ; 

(mg.%) 

(m.eq./L.) 

(mg.%) 

4 

:{(> 

4.92  1 

101  ' 

8.10 

897 

48 

4.90 

101  1 

8.05  1 

820 

t)2 

4.85  1 

97  ! 

8.07 

417 

tid 

4.84  ! 

Ill 

8.84  i 

848 

5 

49 

1  5.00  1 

92 

4.89 

[  410 

15 

2(i 

i  4.92 

1  140 

4.07 

142 

89 

5.15 

108 

8.89 

198 

1  5- 

1  4.84 

!  97 

i  8 . 72 

280 

K) 

27 

4.01 

102 

'  8.81 

207 

48 

4.47 

i  4 

3.51 

182 

Mean 

1  4.85 

1  108 

8 .05 

i  280 

S.  E.t 

;  ±  .00 

1  ±5 

+  .14 

±  85 

I'ndecompressed  Controls 

Mean  (9  expts.) 

1  4 . 00 

j  90 

'  4.70 

!  97 

S.  E.t 

±  .88 

1 

1  ±.84 

,  ±4 

*  28, ()()()  feet  for  00  miiiutes. 
t  Stuiulard  error  of  the  mean. 


condition.s  of  severe  decompression  to  the  point  of  respiratory  collapse, 
lisinp;  the  criterion  (i.e.  cessation  of  respiration  for  15  seconds)  defined  by 
Kline  (2).  As  shown  in  Table  4,  the  mean  potassium  level  rose  11.2  m.etp,  L. 
or  while  plasma  glucose  increased  840  mg.%  or  828%. 

DISCUSSION' 

The  present  study  shows  that  adrenalectomized  cats  tolerate  the  stress 
of  exposure  to  various  altitudes  remarkably  well  when  maintained  on 
daily  doses  of  cortisone  and  DCA,  or  when  in  a  state  of  moderate  adrenal 


Table  H.  Effects  of  moderate  decompression  stress*  on  adrenalectomized  cats 
IN  MODERATE  INSUFFICIENCYf 


Cat  Xo. 

;  1 

Expt.  Xo.  ; 

Predecompression 

Decompression 

Plasma  K 
(m.eq./L.) 

Plasma  glucose 

1  (mg.%) 

Plasma  K 
(m.eq./L.) 

Plasma  glucose 
(mg.%) 

4 

50  j 

0 . 75 

i  90 

4.49 

j  248 

tiO 

0.24 

1  94 

4.29 

1  257 

1 5 

04 

5.82 

;  128 

4.87 

^  297 

10 

57  ' 

4.11 

100 

!  4.44  . 

'  182 

59 

7.20 

88 

0.08 

877 

Mean 

0.04 

101 

4.84 

272 

/ 


*  28,00U  feet  for  (50  ininiite.s. 

t  Supportive  therapy  withheld  for  4  day.s  preceding  experiment. 
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Table  4.  Ekkects  ok  severe  decompression  stress  on  adrenalectomized  cats 


1 

Cat  Xo.  Expt.  Xo.  1 

I  ! 

.\ltitude 

(feet) 

1 

1 

I’redeeompression 

1  leeompression 

Plasma  K 
(m,eq./L.)  j 

Plasma 

glueose 

(mg.%) 

Plasma  K 
(m.eip/L.) 

Plasma 

glueost' 

(ini;.%) 

4  1  t).")  ' 

40,000 

4.. 50 

102 

7.81 

320 

*j8 

45,000 

4.18 

100 

7 . 

300 

15  til) 

t  45,000 

4.00 

121 

i  7.00 

088 

i  1 

1 44,000 

4.50 

100 

j  7.30 

!  484 

.Mean 

4.47 

107 

j  7 .  (>7 

1  453 

insufficiency.  No  ill  effects  were  found  either  during  or  following  the  pro¬ 
cedure.  These  results  are  comparable  to  those  obtained  using  chronically 
adrenalectomized  dogs  (1)  as  well  as  adrenalectomized  rats  maintained 
upon  1%  XaCl  (:f),  and  suggest  that  the  brief  survival  reported  by  Kline 
(2)  of  cats  subjected  to  decompression  stress  24  hours  following  adrenalec¬ 
tomy  might  be  a  reflection  of  the  influence  of  recent  trauma. 

The  data  in  this  report  indicate  that  when  allowed  sufficient  time  to 
recover  from  trauma  of  operation,  the  adrenalectomized  cat  maintained 
on  cortisone  and  DCA  shows  the  characteristic  drop  in  plasma  potassium 
seen  in  intact  cats,  dogs  (0),  and  rats  (R,  7)  following  moderate  decompres¬ 
sion  stress.  .V  similar  decrease  in  cats  from  which  supportive  therapy  has 
been  withheld  would  suggest  that  the  effect  does  not  depend  upon  circu¬ 
lating  cortisone  or  DCA.  Furthermore,  the  sharp  increase  in  plasma  po¬ 
tassium  shown  by  two  adrenalectomized  cats  on  exposure  to  severe  de¬ 
compression  stress  at  altitudes  of  40-4o,0()0  feet  is  entirely  in  accord  with 
results  on  intact  cats  (2)  and  rats  (3)  under  similar  conditions. 

Kline  (2)  previously  found  that  acutely  adrenalectomized  cats  sub¬ 
jected  to  an  altitude  of  28,000  feet  for  00  minutes  under  anesthesia  failed 
to  show  a  drop  in  plasma  potassium,  while  Ferguson  el  al.  (1)  found  that 
dogs,  chronically  adrenalectomized  and  unanesthetized,  responded  to  such 
decompression  stress  in  a  manner  similar  to  intact  dogs.  Pratt  et  al.  (8) 
determined,  however,  that  in  contrast  to  the  intact  rat,  the  unanesthe¬ 
tized,  adrenalectomized  rat  showed  no  fall  in  plasma  potassium  after  .40 
minutes  at  2.5,000  feet.  The  results  of  the  present  study  tend  to  support 
the  view  (1)  that  anesthesia  and  trauma  of  recent  operation  played  a 
large  part  in  the  results  of  earlier  work  on  the  cat. 

The  rise  in  plasma  glucose  observed  in  both  intact  and  adrenalectomized 
cats  following  decompression  stress  is  in  agreement  with  results  of  similar 
experiments  on  dogs  (8).  This  would  appear  to  minimize  the  role  of  the 
adrenal  gland  as  a  mediator  of  glucose  mobilization  and  or  utilization 
during  decompression  stre.'^s.  These  results,  however,  are  at  variance  with 
other  studies  of  glucose  levels  under  various  stresses.  Ziegler  (9)  found 
that  intact  dogs  became  hyperglycemic  breathing  an  atmosphere  con- 
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taining  o%  O2  and  95%  X.,  or  one  containing  15%  CO2,  20%  O2,  and 
05%  X2,  while  adrenalectomized  dogs  showed  marked  hypoglycemia  and 
greatly  reduced  hyperglycemia  respectively  in  the  same  atmospheres. 
Feldman  et  al.  (10)  found  in  experiments  on  rabbits  and  rats  that  under 
conditions  of  acute  anoxia,  denervation  or  removal  of  the  adrenals  re¬ 
sulted  in  hypoglycemia  in  place  of  the  hyperglycemia  noted  in  intact 
animals  under  similar  conditions.  Prior  experimentation  with  cats  involv¬ 
ing  nerve  stimulation  (11),  emotional  stimulation  (12),  and  asphyxia  (13) 
has  shown  that  adrenalectomy  results  in  reduction  or  abolishment  of  the 
hypergh'cemia  found  in  intact  animals  under  the  same  conditions  of 
stress. 

In  the  present  study,  no  significant  difference  was  found  between  the 
glucose  responses  of  intact  and  adrenalectomized  cats,  although  the  actual 
mean  rise  in  the  adrenalectomized  cat  was  only  183  mg.%  compared  to 
2()()  mg.%  in  the  intact  cat.  The  lack  of  .statistical  significance  might  be 
attributed  to  large  individual  variances  among  the  cats  in  re.sponse  to 
stre.ss.  (Jriffith  (11)  was  impressed  early  with  this  individual  variation, 
and  advised  caution  in  generalization  concerning  mean  gluco.se  levels. 
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(X)RT1("()STER()ID  ACTIVITY  OF  A  TRANSPLANTABLE 
ADRENOC’ORTICAL  CARCINOMA  IN 
OSBORNE-MENDEL  RATS 

A.  S.  MULAY 

Laboratory  of  Pathology,  Xat.  Cancer  Inst.,  X.  /.  If.,  liethesda,  Maryland 
ABSTRACT 

An  adronocortical  carcinoina,  arising  in  an  Osborne-Mendel  rat,  was  tested 
In-  a  standardized  stress  proeetiure,  for  its  al)ility  to  seerete  inineraloeortieoids. 

Tlie  tumor  was  grown  in  adrenaleetomized  male  rats  and  then  stress  was  in- 
dueed  by  intraperitoneal  injection  of  5  ml.  of  KCl  solution  per  100  gm.  body 
wc'ight.  The  dosage  of  KCl  was  regulated  by  ehanging  the  molality  of  the  solu¬ 
tion.  This  tumor  offered  complete  protection  to  rats  against  0.10  m.  KCl,  a  dose 
h'thal  to  comparable  rats  without  tumor.  This  gives  qualitative  jjroof  of  eor- 
tieoid  secretion  by  the  tumor. 

Reports  on  functional  activity  of  adrenocortical  tumors  of  rats 
have  been  made  by  Cohen  et  al.  (1),  Iglesias  and  Mardones  (2), 
Iloussay  et  al.  (8),  and  Snell  and  Stewart  (4).  The  transplantable  adreno¬ 
cortical  adenocarcinoma  under  study  was  one  of  the  4  observed  in  a  group 
of  female  Osborne-Mendel  rats  fed  low  protein,  low  riboflavin,  semi.syn- 
thetie  diet,  containing  0.00%  p-dimethylaminoazobenzene  (o).  This  paper 
reports  on  the  functional  activity  of  this  tumor  as  determined  by  a  stand¬ 
ardized  stress  procedure  of  pota.ssium  intoxication. 

MATERI.4LS  AND  METHODS 

Bilateral  adrenalectomy  was  performed  on  male,  Osborne-^Iendel  rats  through  a 
paravertebral  incision,  .\nesthesia  was  produced  by  pentobarbital  given  intraiaui- 
toneally,  supjjlemented  with  ether  inhalation.  The  rats  were  about  two  months  ohl  and 
weighed  200  to  250  gm.  at  the  time  of  operation.  One  month  later  tissue  from  the 
adrenocortical  carcinoma  was  trans])latned  into  half  of  the  rats;  the  others  served  as 
controls.  The.se  operated  rats  received  a  0.9%  saline  in  place  of  drinking  water.  When 
the  transj)lants  grew  and  were  visible  as  subcutaneous  nodules,  the  saline  was  rei)laced 
with  tap  water.  The  carcinoma  was  also  transplanted  into  intact  male  rats  about  4 
months  old.  All  rats  were  fed  a  diet  of  Purina  chow  j)ellets. 

Stress  was  produced  by  the  intraperitoneal  injection  of  i)otassium  chloride  (KCl) 
solution  at  5  ml./ 100  gm.  bodj-  weight,  to  rats  fasted  over  night  (IS  hours).  The  dose  of 
KC’l  was  regulated  by  changing  the  molar  eoneentration  of  the  KCl  solution  used  for 
injections.  The  dose  is  expressed  as  moles  (rn)  of  KCl  per  liter  of  solution.  When  the 
transplanted  tumors  were  2  cm.  or  more  in  diameter,  stress  was  induced  with  various 
doses  of  K(4  in  adrenaleetomized  and  intact  tumor-bearing  rats,  and  at  the  same  time 
in  comi)arable  controls.  Some  rats  were  subjectcal  t<»  the  stress  trejitment  after  removal 
of  the  tumors.  The  time  interval  between  adrenalectomy  ami  induction  of  stress  was 
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tlio  same  for  tumor-boaring  rats  and  their  coniparai)le  controls.  All  animals  wore  ob¬ 
served  for  toxic  effects  for  two  hours  after  the  KC'l  stress,  and  survivors  were  saved  for 
at  least  24  hours  before  they  w(‘re  killed,  .\fter  each  stress  experiment,  the  rat  was 
rested  for  at  least  one  week  before  it  was  used  for  another  stress  exjjeriment.  .\fter 
removal  of  a  tumor  at  least  a  week  was  allowed  for  recovery  before  that  rat  was  sub¬ 
jected  to  KC'l  stress.  All  rats  were  autopsied  at  the  end  of  the  experiments.  The  peri¬ 
renal  fat  was  examined  for  accessory  adnmal  bodies,  and  all  organs  examined  for  tumor 
metastas*‘s  and  other  lesions.  Tumors,  adrenal  glands,  and  acces.sory  adrenal  bodies 
were  weighetl  and  specimens  of  these  tissues  were  taken  for  histologic  examination. 

RESULTS 

The  re.sponse  of  tlie  intact  and  tlie  adrenalectomized  rats  to  various 
doses  of  KCl  is  listed  in  Table  1.  As  these  stress  experiments  were  per¬ 
formed  to  4  months  after  adrenalectomy;  congenital,  accessory  adrenal 
bodies  in  some  of  the  adrenalectomized  rats  had  developed  into  macro- 


Tabi.k  1.  Effect  of  v.ariocs  doses  of  KCl,  injected  ixthaperitoxe.ally,  at  the 

RATE  OF  5  MI../ 100  G.M.  BODY  WEIGHT,  IN  INTACT  AND  ADRENALECTOMIZED  MALE 
OsBORNE-MeNDEL  rats,  fasted  OVER-NIGHT  FOR  18  HOURS 


No.  of  rats 

Trout  meiit 

K('l 

molality 

Millimoles  of  K 
administered  per 
100  gm.  body  wt. 

% 

mort  alit  j' 

1.') 

Xoiio 

0.20 

1 

100 

10 

Xono 

0.18 

0.9 

40 

20 

Xoiio 

0.10 

0.8 

0 

8 

.Vdronalootoinizod 

0.10 

0.8 

100 

r. 

.Xdroiialootomizod 

0.14 

0.7 

100 

11 

.\<lroiialo(*tomizod 

0.10 

0.5 

91 

12 

.Vdronaloftomized,  aooossory 
adronal  bodie.s 

0.10 

0.8 

100 

14 

.\dronalectomizod,  aooossory 
adronal  bodies 

0.10 

0.5 

80 

scopic  glands  a  millimeter  or  more  in  diameter,  at  the  time  the  stress  was 
applied.  In  cases  they  weighed  about  30  mg.  each.  The  re.sponse  of  the 
rats  with  accessory  adrenal  bodies  to  KCl  stress  was  similar  to  that  of 
comparable  rats  without  these  bodies. 

For  intact  Osliorne-Mendel  rats  the  minimum  lethal  do.se  of  KCl  was 
().2m  and  the  maximum  tolerated  dose  was  0.10m.  For  adrenalectomized 
rats  the.se  values  were  0.14m  and  less  than  0.1m  respectively.  Two  rats 
with  unilateral  adrenalectomy  tolerated  a  KCl  dose  of  O.lOm. 

The  response  of  the  tumor-bearing  rats,  adrenalectomized  and  intact, 
to  KCl  stre.ss  is  listed  in  Table  2.  Adrenalectomized  rats  with  tumor  growth 
survived  the  maximum  dose  of  KCl  (O.lOm)  tolerated  by  intact  control 
rats.  The  same  do.se  of  KCl,  a  week  after  the  removal  of  the  tumor,  was 
lethal  to  these  animals.  A  do.se  of  0.2  or  O.lSm  KCl  was  not  tolerated  by 
any  of  the  tumor-bearing  rats,  irrespective  of  the  size  of  the  tumor.  The 
smallest  tumor  weighed  3.o  gm.  and  the  largest  one  was  40  gm.  The  re- 
spon.se  of  the  intact  rats  with  transplant  growth  to  KCl  stress  was  similar 
to  those  of  the  comparable  adrenalectomized  rats.  The.se  rats  also  did  not 
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Tabi.e  2.  Effect  of  vakiocs  doses  of  K('1  ox  male  tumok-beakixo  hats  (intact 

AND  ADREXAEECTOMIZED)  BEFORE  AM)  AFTER  THE  REMOVAL  OF  THE  TIMOR 


No.  of  rats 

Treat  inent 

KCl 

molality 

.Millimoles  of  K 
administere.l  per 
100  fiin.  body  \vt. 

% 

mortality 

15 

AdrciiaU'ctoinized 

0.10 

0.8 

0 

12 

Adrciialectoinized 

0.20 

1  .0 

100 

8 

Adreiialeidoinized 

0.18 

0.0 

100 

a 

Adrenah'ctoinizcd,  tumor 
removed 

0.10 

0.8 

100 

10 

Adrenalectomized,  accessory 
adrenals 

0.10 

0.8 

0 

2 

Adrenalectomized,  aeei'ssory 
adrenals,  tumor  removed 

0.10 

0.8 

100 

10 

Intact 

0.10 

0.8 

0 

5 

Intact 

0.18 

0.0 

100 

2 

Intact,  tumor  removed 

0.10 

0.8 

100 

tolerate  the  niaxiimiin  tolerated  dose  of  KCM  (O.ldni)  after  removal  of  the 
tumor.  Adrenal  f?lands  of  the  tumor-heariiif?  rats  were  atrophied,  reduced 
in  size,  and  weighed  about  half  as  mueh  as  the  adrenal  glands  of  the  con¬ 
trol  rats. 


nist’ussiox 

The  adrenocortical  eareinoma  under  study  induces  atrophy  of  the  ad¬ 
renal  slands  of  the  tumor-hearinjj:  rat  (o).  This  .susKcsted  secretion  of 
physiologically  active  steroid  hormones  by  the  tumor.  Polyuria  and 
nitremia  observed  in  these  tumor-bearing  rats  pointed  to  a  possible  secre¬ 
tion  of  mineralocorticoids  by  this  carcinoma. 

The  importance  of  the  adrenal  cortex  in  potassium  metabolism  was 
shown  by  chemical  studies  of  the  blood  and  tissues  by  Zwemer  and  Trus- 
kowski  (())  and  a  (piantitative  relationship  between  a  dose  of  cortical  hor¬ 
mone  and  the  percentage  of  survival  of  adrenalectomized  mice  following 
injection  of  KCl  was  established  by  Truskowski  and  Duszynska  (7).  On 
the  basis  of  these  studies,  Kolmer  (8)  suggested  a  potassium  tolerance 
test  for  clinical  use  to  determine  the  degree  of  adrenocortical  deficiency  in 
doubtful  cases.  The  rat  was  used  as  a  test  animal  by  Fed  and  Dorfman  (R) 
to  evaluate  the  potency  of  cortin  like  material  excreted  in  urine. 

IVitassium  tolerance  test  evaluates  the  effective  concentration  of  corti¬ 
costeroid  (mineralocorticoids)  in  the  test  animal.  In  this  study  the  carci¬ 
noma  suspected  of  secreting  eorticosteroid  was  grown  in  the  test  animal. 
Thus  effective  concentration  of  corticosteroid  in  these  animals  was  a  re¬ 
sultant  of  the  rate  of  seeretion  and  the  rate  of  its  destruction  or  elimina¬ 
tion.  The  response  of  Osborne-Mendel  rats,  intact  and  adrenalectomized, 
to  KCl  stress  was  similar  to  that  obtained  by  Collins  (10)  in  albino  rats. 
.Vdrenalectomized  rats  with  tumor  tolerated  O.Kim  KCl,  a  dose  always 
lethal  to  comparable  rats  without  tumor,  giving  a  (pialitative  proof  of 
corticosteroid  secretion  by  the  tumor,  hiability  of  the  test  rats  to  tolerate 
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tlie  same  dose  of  KCl  after  removal  of  tlie  tumor  added  strengtli  to  tliis 
proof.  Tumor-hearing  rats  did  not  tolerate  any  dose  of  KCl  higher  than 
O.Kim,  irrespective  of  the  size  of  the  tumor.  This  means  that  corticoid 
concentration  in  tumor-hearing  rat  is  maintained  at  the  same  level  as  in 
intact  control  rats,  and  suggests  that  other  factors  besides  the  secretory 
activity  of  the  tumor  play  a  part  in  regulating  this  level.  The  largest  ac¬ 
cessory  adrenal  bodies  (iiO  mg.)  did  not  protect  the  rat  against  O.lhm  dose 
of  KCl. 
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THK  INFLUEXC'K  OF  THYROTROPIIK'  HORMONE  AND 
METHYL-THIOURA(’IL  ON  THE  “(TSTEINYLTYROSIN- 
ASE”  (AND  PROTEINASE)  ACTIVITY  OF  THE 
THYROID  GLAND  OF  THE  RAT 

W.  E.  LOUCJHLIN,  MARY  T.  MiCiUILLAN  and  V.  M.  TPvIKO.IFS 

Department  of  liioehemistry,  Vnirersity  of  Melbourne,  Parkville,  Vietoria,  Australia 

ABSTRAC'T 

A  method  of  assay  of  “cysteinyltyrosiiiaso”  aetivity  appliealjle  to  tlie  rat 
tliyroid  has  been  devisi'd  ami  the  variations  of  tliis  and  of  ])roteinase  aetivity 
studied  following  the  administration  of  thyrotroidiie  liorinone  or  inetliyl- 
thiouraeil.  It  was  found  that,  in  tlie  ease  of  “eysteinyltyrosinase,”  tliere  was  a 
significant  increase  in  the  total  activity  per  thyroid  shiml,  either  as  such  or 
when  related  to  unit  body  weight,  but  the  concentration  was  si};uificanth’  <le- 
creased.  However,  althoush  the  i)roteinase  showed  significant  variations  simi¬ 
lar  to  those  of  “eysteinyltyrosinase”  following  administration  of  methyl- 
thiouracil,  thyrotrophic  hormone  caused  significant  increase's  in  total  activity 
and  in  activity  related  to  unit  body  weight  and  a  trend  towards  higher  values 
for  concentration  of  jjroteinase. 

IT  IS  generally  eonsidered  that  the  release  of  the  thyroid  hormone  from 
its  stored  form  in  thyroglohulin  is  mediated  hy  proteolytic  enzymes  of 
the  gland.  Laver  and  Trikojus  (1)  have  shown  the  complex  nature  of  this 
proteolytic  system  and  were  able  to  effect  a  partial  separation  into  a  pro¬ 
teinase  and  peptidases.  The  proteinase  component,  apart  from  acting  on 
haemoglobin,  also  split  L-cysteinyl-L-tyrosine  alone  among  a  number  of 
peptides  tested.  I.,ater  work  has  shown  that  the  “eysteinyltyrosinase” 

( (Ta.se)  component  can  be  .separated  from  the  proteinase  and  that  other 
cysteine-containing  peptides  such  as  L-cysteinyl-L-phenylalanine  and 
i.-leucyl-L-cysteine  are  also  readily  hydrolysed  in  the  pre.sence  of  the  en¬ 
zyme  (unpublished  observations). 

Recently,  Watson  and  Trikojus  (2)'  reported  that  the  proteolytic  ac¬ 
tivity  of  the  thyroid  gland  of  the  rat,  as  estimated  with  haemoglobin  as 
substrate,  is  altered  from  the  normal  value  when  the  gland  is  acted  upon 
by  thyrotrophic  hormone  (TSH)  or  an  anti-thyroid  drug.  In  the  investi¬ 
gation  described  here,  a  method  of  a.ssay  of  CTase  activity,  applicable  to 
the  rat  thyroid,  has  been  devised  and  the  variations  of  this  activity 
studied  following  the  admini.stration  of  TSH  or  methylthiouracil.  Pro¬ 
teinase  estimations  (haemoglobin  substrate)  were  also  carried  out. 

Kc'ccivcd  I)cccmt)cr  8,  19.59. 

*  In  each  of  the  three  Tables  in  this  ])a))er  the  values  in  Column  7  should  relat('  to 
10  mg.  not  100  mg.  thyroi<l.  The  validity  of  the  conclusions  is,  however,  not  affected. 
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MATERIALS  AND  METHODS 

A  crossed  l)rcc(l  of  male  rats  of  tlu“  Wistar  and  Hnttua  uorvcgirun  strains  was  used 
tliroufjliout.  Stock  animals  were  maintained  in  a  room  at  2o°  (’  and  were  fed  a  diet  of 
Fido  don  euht's-  and  water  ad  lib.  with  nreens  weekly.  (Iroups  of  animals  were  selected 
for  (“xi)eriments  such  that  the  means  and  standanl  deviations  of  the  weights  of  the 
nroups  were  approximately  the  sanu*. 

L-(’ysteinyl-L-tyrosine  (('T)  was  synthesize<l  hy  the  method  of  Harinnton  and  Pitt 
Rivers  (li)  with  minor  modifications.  The  proiluet  was  twice  reerystallized  from  water, 
and  nnve  a  siniile  sjjot  followinn  paper  ehromatonraphy  in  n-hutanol  acetic  aeid/water 
(4:1:1,  V  v)  in  the  i)resenee  of  N-ethyl  maleimide.  .Vssay  of  the  SH  content  hy  the 
method  of  Beneseh  and  Heneseh  (4)  nnve  the  value  of  91%  SH.  Parke-Davis  ])repa- 
ration  of  thyrotro|)hie  hormone  was  used  eontaininn  9-10  .Iunkmann-Seho(“ller  (.I-S) 
(o)  units/mn.  Reanents  were  of  .V.R.  nmile. 

I’roteinase  activity  was  estimated  by  the  method  of  .\nson  (0)  with  minor  modifica¬ 
tions:  0.5  ml.  of  enzyme  .solution  (dilutc'd  thyroid  hrid)  was  inevd)ated  with  2.5  ml.  of 
2%,  haemoniohin  for  2  hours  at  37°  ('  at  pH  3.5;  the  supernatant,  followinn  jjreeipita- 
tion  with  triehloroaeetie  acid,  was  assayed  with  the  phenol  reagent  of  Folin-Dennis  and 
results  expressed  as  m.eii.  XHP  of  tyrosine  liberated. 

('Tase  activity  was  assayed  as  follows:  00  /il.  samples  of  thyroid  hrei,  i)repared  from 
fresh  tissue  using  O.IM  sodium  acetate  buffer  i)H  5.0,  were  incubated  in  stoi)i)ered  tubes 
at  37°  ('  with  00  ^1.  40  m.M  peidide  (CT).  Enzyme-buffer  controls  were  included.  21 
jul.  samples  were  withdrawn  after  5,  25,  45  and  05  min.  and  delivered  onto  pieces  of 
washed  chromatography  paper  (7),  0.50  X  1.25  cm.,  contained  in  reaction  tubes  calibrated 
at  10  ml.  2  ml.  of  the  quantitative  ninhydrin  reagent  of  Connell,  Dixon  and  Hanes  (7) 
was  then  added  to  each  tube  and  the  tubes  immerst'd  in  a  boiling  water  bath  for  20  min. 
.\fter  cooling,  a(pieous  ethanol  (1  :1,  v  v)  was  added  to  tin*  10  ml.  mark  and  the  light 
absorption  read  in  a  Beckman  spectrophotometer  (Model  DC)  at  570  mfx  using  a  1  cm. 
light  path.  Preliminary  work  had  shown  that,  with  the  concentrations  used,  these  assays 
wen*  carried  out  at  substrate  .saturation. 

The  i)H-activity  curve  of  the  enzyme,  stinlic'd  ov('r  the  range  pH  3.5  to  0.5,  reaclu'd 
a  maximum  at  approximately  pH  4.5  and  then  continued  almost  flat.  Values  were  not 
sought  on  the  alkaline  side  in  view  of  the  sensitivity  of  the  substrate.  The  enzyme  itself 
was  found  to  be  conqdetc'ly  inactivated  after  a  few  minutes  above  pH  9. 

KXI’KItlMK.NT.M. 

Effects  of  Mctbyl-Thio uracil  and  TSIl  on  CTasc  and  Proteinase  .[etiritij  of  Thyroid 

The  effects  of  methyl-thiouracil  were  studied  with  20  rats  divided  into  two  groups. 
One  groiq)  received  methyl-thiouracil  as  a  0.05%  aqueous  solution  in  place  of  tlu'ir 
drinking  water  for  14  days;  the  control  group  received  water  alom*.  .Ml  rats  were  ac¬ 
commodated  singly  and,  at  the  end  of  the  experimental  period,  were*  killed  with  ether, 
the  thyroids  dissected  and  weighed  and  breis  of  0.8  ml.  prc'jjan'd  with  O.IM  sodium 
acetate  buffer,  pH  5.0.  F'our  00  ^1.  samjjles  wen*  n'lnoved  for  duplicate  assays  of  CTase 
activity,  the  residue  diluted  with  0.9  ml.  distilled  water  and  two  further  .samples  of 
0.5  ml.  taken  for  single  as.says  of  j)roteinase  activity. 

In  the  second  experiment  10  rats  wen*  divided  into  two  groujis.  The  treat(‘d  grou|) 
received  subcutaneous  injections  of  TSH  twice  daily  ((‘ach  injectum  25  .I-S  units/100 
gm.  body  weight  in  0. 5-1.0  ml.  saline)  for  5  days.  The  control  group  received  injections 
of  normal  saline.  On  the  sixth  day  the  rats  were  killed  with  ether  and  thyroid  breis  jjre- 
pared  and  assayed  as  described  for  tin*  first  ex|)eriment. 


*  Barastoc  Products,  Melbourne. 
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THYROID  “CYSTKlXYl/i'YROSINASi;” 


TaBI.K  1.  “CysTKIN  YI.TYKOSINASK"  and  PKOTKINASE  activities  ok  the  TIIYROIH  OI.AM) 
OK  THE  RAT.  RkKECT  OK  .METHYI.-THIOl  RACII.  -  0.(15%  IN  DRINKINC.  WATER  KOR  14  DAYS 

“Cystoinyltyrosinase”  Prctcinaso 

Mean  Mean  --  -  -  - -  - 


No. 

final 

thyroid 

Activity* 

.Activity 

.Activity 

log 

log 

log 

(iroup  unimals 

b<idv 

Wt. 

per 

IKT  mg. 

per  gm. 

.\ctivity** 

.Activity 

Activitv 

wt.  (gm.) 

(nig.) 

tbvroid 

thyroid 

IxkIv  wt. 

IK‘r 

P(*r  100  iM*r  1(K)  gm. 

(a) 

(b) 

(f*) 

thyroid 

mg.  thy  roid 

bod.v  wt. 

Mr-thiuuracil  13 

1811 

4'.t 

..36!» 

.(K175 

.00206 

1 .  .50.30 

1 .0128 

1.3300 

Control  13 

184 

17 

.301 

.0180 

.(M)167 

1.40.53 

2 . 1730 

1 . 1442 

Critical  Differences 

.v; 

.068.5 

.0.557 

.0628 

(Proteina.se) 

.0028 

.07,55 

.0851 

*  Incroaso  in  Ior  intensity  per  hour  (s(*e  text). 

**  As  in.eq.  XIO*  tyrosine  lib<*rated. 

The  difference's  b(*tween  the  pairs  of  values  under  (a)  (b)  and  (e)  are  all  liighly  significant;  F  =30.3,  140.4  and  20.3 
for  (a)  (b)  and  (c)  resp<*ctively  with  1,  72  degn*es  of  freedom  in  each  case. 


DifTcri'iici's  lictwccn  the  means  of  the  enzyinie  activities  in  the  f^roiiiis  of  animals  in 
the  two  exiieriim'iits  were  tested  for  sijrnifieanee  by  the  analysis  of  variance.  Tlie  CTase 
activities  were  calculated  liy  {;rai)hin}>;  the  logarithms  of  tlie  liftht  absorption  intensities 
(Heekinan  values)  ajfainst  time  (.5,  2.5,  45,  ()5  min.).  Tlie  activity  was  defined  as  the 
slope  of  the  loj^  intensity  liy  time  f^raph  (i.e.  increase  in  loj^  intensity  jier  hour). 

RESULTS  AXl)  DISUUSSIOX 

The  results  of  the  experiments  are  set  out  in  Tables  1  and  2.  In  the  ease 
of  CTase,  the  total  aetivity  per  thyroid  fj:land,  either  as  sueh  or  when 
related  to  unit  body  weight,  was  found  to  be  sif>;nifieantly  inereased  fol¬ 
lowing  the  administration  of  methylthiouraeil  or  TSH.  By  contrast,  the 
concentration  of  CTase  in  the  gland  was  significantly  decreased  as  a  con¬ 
sequence  of  either  treatment.  However,  although  the  proteinase  showed 
significant  variations  similar  to  tho.se  of  CTase  following  the  administra¬ 
tion  of  methyl-thiouracil,  TSH  cau.sed  significant  increa.ses  in  total  ac¬ 
tivity  and  in  activity  related  to  unit  body  weight,  and  a  trend  towards 
higher  values  for  concentration  of  proteinase.  This  finding  is  in  accord 
with  the  results  of  Watson  and  Trikojus  (2)  who,  using  a  larger  dosage  of 
TSH  (2X.40  units  per  day  compared  with  2X2o  units  in  the  present  work), 
obtained  a  significant  increase  in  proteinase  concentration. 

Thus,  at  least  two  of  the  components  of  the  proteolytic  .system  of  the 
thyroid  gland  respond  to  changes  induced  in  the  physiological  status  of 

Table  2.  “Cysteinyltyrosi.\a.«e”  and  proteinase  activities  ok  the  thyroid  gland 
OK  THE  RAT.  EkkECT  OK  TH YRflTROPHIC  HORMONE  25  I  NITS/ 100  GM. 

BODY  WEIGHT  TWICE  DAILY  (st  B-CCT).  KOR  5  DAYS 


(Iroup 

No. 

animals 

Mean 
final 
body 
wt.  (gm.) 

Mean 

thyroid 

wt. 

(l"K.) 

“Cysteinyltyr{)sinase” 

Proteinase 

.\ctivity* 

per 

thyroid 

(a) 

.Activity 
p<*r  mg. 
thyioid 
(b) 

.Activity 
per  gm. 
body  wt. 
(c) 

log 

Activity** 

p«*r 

thyroid 

log  log 

.Activity  .Activity 
per  KM)  per  KM)  gm 
mg.  thyroid  body  wt. 

TSH 

8 

146 

25 

.340 

.0135 

.(H)234 

1 .  .5600 

2.1616 

1.3005 

C'ontrol 

8 

1.55 

17 

.200 

.0181 

.(KI103 

1.3368 

2.1171 

1.1476 

('ritical  Differences 

.5‘7r  — 

.0812 

.0766 

.0612 

(Proteinase) 

17f  — 

.1127 

.  1(«3 

.0840 

*  Increase  in  log  intensit.v  per  Lour  (see  text). 

**  .As  m.eq.  XIO*  tyrosine  liberated. 

The  differences  between  the  pairs  of  values  under  (a)  (b)  and  (e)  are  all  highly  signiheant;  F  =11.6,  4Z.3  and  4(1.1 
for  (a)  (b)  and  (c)  respectively  with  1,  42  degrees  of  freedom  in  each  ca.se. 
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the  glaiKl  although  there  are  differenees  in  tiie  direction  of  this  response. 
Furtlier  discussion  of  the  relevance  of  tliese  observations  to  tliyroid  physi¬ 
ology  must  await  clarification  of  the  specific  roles  of  these  enzymes  in  the 
thyroid  gland.  Current  investigations  in  this  Department  are  concerned 
with  the  preparation  of  proteinase,  CTase  and  carboxypeptida.se  (1)  free 
from  mutual  contamination,  and  with  a  study  of  their  actions,  both  inde¬ 
pendently  and  in  combination,  on  appropriate  thyroid  .substrates. 
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NOTES  AND  (XDLMENTS 


FAILT'RE  TO  DEMONSTRATE  TSII-RELEASINC',  A(  TIVITY 
OF  PITRESSIN  AND  OXYTOCIN^ 

AliSTHACT 

In  those  experiments,  Pitressin  and  oxytoein  were  investigated  as  snhstanees 
that  miglit  jjossihly  act  to  release  TSH  from  the  i)ituitary  gland  in  a  manner 
analogous  to  the  eortieotrophin  releasing  factor.  Thyrotrophin  release  was  inferred 
from  in  vivo  measurements  of  thyroid  P’*  releas(‘  rate  in  three  tyj)es  of  rat  prepara¬ 
tions;  1)  normal  animals,  2)  adrenaleetomized  rats  maintained  on  ().!)%  sodium 
(ddoride  in  the  drinking  water  and  cortisone  2.5  mg. /day,  d)  rats  with  lesions  in  the 
“thyrotrophic”  area  of  the  hypothalamus.  Drugs  were  given  s\d)cutaneously  in  25% 
polyvinylpyrrolidone  solution.  It  was  found  that  Pitressin  in  dosage  up  to  500  ml  . 
every  8  hours  and  oxytocin  in  dosage  of  2dd  ml’,  every  8  hours  failed  to  influence 
thyroid  activity 

Hy))othalamie  influences  on  the  regulation  of  thyrotr()])hie  activity  liave  Ix'cn  shown 
by  numerous  studies  (1),  hut  the  ineelianisin  tlirough  which  tliis  control  operates  lias 
not  been  elucidated.  One  explanation  of  this  jihenoinenon  is  that  a  eheinieal  of  hypo- 
thalainie  origin  is  secreted  into  the  hypophysial-portal  circulation  whence  it  reaches  and 
stimulates  the  adenoliyi)0))hysis  (2).  Although  there  is  reasonably  good  <*videnee  that 
this  general  kind  of  system  is  involved  in  the  regulation  of  adrenoeortieotrophin  (d),  the 
existence  of  an  analogous  neurohumoral  factor  controlling  T!sH  has  not  bi'cn  established. 
In  a  previous  expcuiment  Pitressin  (or  a  non-vasopressin  constituent  of  Pitressin)  was 
investigati'd  as  a  jmssible  regulator  of  TSH  release  (4),  but  no  evidence  of  this  action 
was  found.  The  object  of  the  jiresent  study  was  to  re-examine  the  effects  of  Pitressin  on 
thyrotro|)hin  release  and  to  determine  if  the  related  hormone,  oxytocin,  jiossessed  TSH 
reh'asing  activity. 

MKTIIODS  AND  RKSULTS 

Adult  male  rats  of  the  Holtzrnan  strain  were  uscal.  They  were  given  Purina  labo¬ 
ratory  chow  and  water  ad  libitum,  and  were  housed  iti  a  controlled  temperature  room 
at  2()±1°  ('.  Thyroid  function  as  determined  by  in  vivo  measurement  of  P^'  release  rate 
(4)  was  taken  as  an  indication  of  TSH  ndease.  .Xdrenaleetomized  animals  wctc'  ojierati'd 
upon  through  a  conventional  dorsal  apjjroaeh  and  maintained  on  2.5  mg.  eortisoiu'  per 
day  I.P.  and  i)hysiologieal  saline  ad  libitum  from  the  time  of  operation.  Rats  with  hy])o- 
thalamie  lesions  were  prepared  as  previously  described  (1).  They  manifested  low  base¬ 
line  thyroid  activity  as  well  as  other  hypothalamic  dysfunctions  smdi  as  hyperjihagia 
and  dialx'tes  insipidus. 

Preliminary  experiments  were  done  to  establish  the  time  course  of  antidiuretie  effect 
of  PitressiiP  as  a  guide  to  choice  of  dosage  in  tlu'  study  of  effects  on  thyroid  function. 
Pitressin  was  dissohaxl  in  saline,  25%  ixilyvinylpyrrolidom*’’^  (PYP),  or  a  gelatin  solu- 
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tion  (o),  or  was  adininistcn'd  as  Pitrossin  Taiinat(‘  in  oil.^  Antidiurctic  activity  was 
measured  by  tlie  techniciiie  of  Wilson  and  Mcdinty  (0).  A  subeutaiu'ous  injection  of 
15  ml',  of  I’itressin  in  PVP  delayed  the  usual  diuretic  resjmnse  to  water  loading  by 
0  to  7  hours;  a  similar  dose  in  saline  delayed  diure.sis  by  72  minutes.  When  administen'd 
in  gelatin,  the  time  course  of  Pitressin  effect  was  roughly  the  same  as  with  PVP  and  as 
the  Tannate  comjmund  in  oil  given  intramuscularly,  the  effect  was  i)rolonged,  and  more 
complete  for  at  least  8  hours.  Because  repeated  intra-muscular  injections  of  i)eanut  oil 
were  found  in  a  previous  study  to  |)roduce  moderate  inhibition  of  thyroid  ndt'ase, 
l)resumably  through  a  stress-i)roducing  action  (4),  PVP  was  chosen  as  the  vehicle  in  this 
experiment,  although  gelatin  solution  would  probably  have  served  as  well.  In  experi¬ 
ments  on  thyroid  function,  Pitressin  or  synthetic  oxytoc'iiP  were  administered  subcu¬ 
taneously  in  0.5  ml.  of  PVP  solution. 

1.  Thyroid  Response  of  X or mnl  Rats 

1131  rc'lease  curves  wc're  determined  in  40  rats  weighing  betweim  210  and  270  gm.  Be¬ 
ginning  imnu'diati'ly  after  the  initial  neck  count  they  were  injected  subcutaneously 
(‘very  eight  hours  with  one  of  the  following  substances: 

(Iroup  1.  (10  rats)  500  ml'  Pitressin  in  0.5  ml.  25%  PVP 
(lrou|)  2,  (10  rats)  255  ml'  oxytocin  in  0.5  ml.  25%  PVP 
(Iroui)  5,  (10  rats)  0.5  ml.  25%.  PVP 
(iron))  4,  (10  rats)  0.5  ml.  saline 

Inj(‘ctions  were  continiu'd  for  SO  hours.  The  sIojm's  of  n'lease  curves  plottc'd  from  the 
mean  neck  counts  were  as  follows:  Saline  control  20.0%,  day.  PVP  control  15.5%,  (lay, 
Pitn'ssin  10.5%  day,  oxytocin  17.7%  day.  The  differences  bi'twi'en  the  curves  were 
small  and  no  evidence  of  acci'leration  of  reh'asi'  was  obtaiiu'd  with  either  oxytocin  or 
Pitressin.  'I’he  small  degree  of  slowing  caused  by  P\’P  injections  may  bi*  (‘vidence  of  a 
stressful  effect. 

2.  Thyroid  Response  of  Adrenalectoniized  Rots 

Adrenalectomiz(“d  rats  were  usc'd  because  of  the  observation  of  Harris  and  Woods  (7) 
that  activation  of  AC'TH  by  electrical  stimulation  of  the  rabbit  hyi)othalamus  inter¬ 
fered  with  TSH  release:  it  was  considen'd  i)o.ssible  that  corticoid  releasing  effects  of 
Pitressin  (5)  might  interfere  with  TSH  rc'leasing  effc'cts. 

[131  release  curves  were  determined  in  29  adrenalectoniized  rats  (580-480  gm.)  over  a 
70  hour  jieriod.  Pitressin  in  PVP,  500  ml*.  ev(“ry  8  hours,  was  administ(‘r(‘d  to  14,  8 
receiv(‘d  PVP  and  7  saline.  Mean  release  rate  of  the  Pitn'ssin-treated  group  was  18.8% 
[ler  day,  of  the  PVP  trc'ati'd  20.0%  per  day  and  of  the  saline  treated  22.0%  jier  day. 
.\gain,  diffen'iices  wen*  small,  no  evidi'iici*  of  acceleration  was  observed  and  tlu're  was 
a  suggestion  that  PVP  alone  caused  a  slight  slowing  of  P’*  release  rate*. 

5.  Thyroid  Response  of  Rats  with  11  ypothnlnniie  Lesions 

Hats  with  lesions  wen*  used  bc'causc*  their  low  baseline  thyroid  activity  would  have 
made  activation  by  a  TSH  releasing  substance  mon*  readily  aiipari'iit.  Furthermore, 
destruction  of  the  neural  areas  which  influence  TSH  might  have  been  ex[)ected  to  sensi¬ 
tize  the  preparation  to  neurohumoral  effi'cts. 

Fifte(‘n  rats  with  lesions  wen*  observ('d.  Kach  animal  serv(‘d  as  its  own  control  for 
five  days,  ri'ceiving  PVP  oidy  every  eight  hours.  On  the  fifth  day  the  administration  of 
Pitressin  in  PVP  500  ml'.  (8  rats)  and  oxytocin  255  ml’.  (7  rats)  was  hegun  and  con¬ 
tinued  for  72  hours.  Release  rates  determiru'd  from  the  rm'an  neck  counts  during  the 

®  Supplied  as  ‘•Syntocinon”  through  the  kindness  of  Sandoz  Laboratories. 
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first  five  daj’s  wore  S.O  and  0.8%  per  day  in  the  Pitrossin  and  oxytncin  grouj)  rnspi'c- 
tively.  Thron  ad<Uti()nal  counts  were  obtained  after  the  start  of  treatment  and  tliese  fell 
on  the  projection  of  the  curve  drawn  for  the  first  five  days,  thus  indicating  no  si{!;nifieant 
effect  of  the  treatment. 


DISCUSSION 

Xo  evidence  of  a  TSII-ndeasinjj;  effect  of  oxytocin  or  of  Pitressin  in  the  dosage  tested 
was  obtained  in  this  ex])eriment.  With  resjieet  to  Pitressin  this  finding  confirms  the 
results  of  a  previous  study  (4).  In  experiments  in  which  plasma  protein  bound  iodine 
was  used  as  a  measure  of  thyroid  function  in  rats,  a  similar  failure  to  jiroduee  activation 
after  the  administration  of  vasojiressin  (SO  ml’  100  gm.  (lay)  was  recorded  hy  Arimura 
ct  nl.  (8).  In  contrast  to  thesi'  negative'  n'sults  s('V('ral  investigators  have  n'jiorted  ('vi- 
(h'liee  of  thyroid  .stimulation  following  Pitre.ssin  or  oxytocin  injections.  Praja  and  Martini 
(9).  who  assayc'd  thyrotrojihin  by  a  chick  thyroid  mierohistometrie  technique,  found  that 
either  Pitressin  (0.2  1*  kg.)  or  oxytocin  (0.2  I’/kg.),  when  inji'cted  into  the  subarachnoid 
space  of  dogs,  induced  an  elevation  of  serum  TSH  levc'ls.  In  this  system  oxytocin  was 
the  more  effective  drug.  In  rabbits  Pitressin  injected  intravenously  (0.2  I’/kg.)  is 
reported  to  have  caused  a  rise  in  serum  TSH  as  assayed  by  an  in  vitro  thyroid  slice  I‘^‘ 
uptake  method  (10).  The  effects  of  prolonged  treatment  with  Pitressin  on  tluToid  P** 
uptake  are  not  well  e.stablished.  In  rats  uptake  is  said  to  increase  (11)  while  in  mice  no 
stimulation  is  observed  (12).  X’ote  should  be  made  of  the  report  that  Pitoein  has  slight 
thyroid  stimulating  action  in  guinea  jiigs  (18),  oiu'  ml.  containing  the  activity  equivalent 
of  about  o /ug.  r.S.P.  Thyrotrophie  Ueferenee  Substance,  ('ontamination  of  the  Pitoein 
with  TSH  cannot  be  excluded,  however. 

.Mthough  Pitressin,  vasopressin  and  oxytocin  have'  been  studied  most  extensively  as 
|)ossible  TSH  releasing  substances,  consideration  has  been  givi'ii  to  other  substances  of 
hypothalamic  origin,  again  with  eonflieting  results.  Watc'r  I'xtraet  of  the  anterior  hypo- 
thiilamus  of  the  dog  wlu'ii  injected  into  rats  is  said  to  produce  thyroid  enlargi'inent,  ele¬ 
vation  of  the  jilasma  protein  bound  iodine  h'vel,  and  increase  in  plasma  thyroid  stimu¬ 
lating  activity  (14).  In  further  observations  by  the  same  group,  similar  hypothalamic 
extracts  eau.sed  thyroid  enlargement,  inereasc'd  radioiodiiu'  uptak**  and  increased  thy- 
roid/serum  iodid('  ratio,  both  in  normal  rats  and  in  those  with  hypothalamic  lesions  (1.^). 
By  contrast,  hypothalamic  ti.ssue  has  failed  to  stimulate  the  production  of  'I'SH  by 
pituitary  tissue  grown  in  vitro  (lb),  although  such  preparations  ri'lease  .KC'l'H.  It  must 
be  concluded  that  the  identity,  or  I'ven  the  existence  of  a  hypothalamic  neurohumour 
with  ’rSH  releasing  properties  remains  an  unsettled  problem. 
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FCHTHKH  STFDIFS  OX  THF  PLASMA  PROTKIX- 
THYHOIl)  HOKMOXK  (O.MPLKX* 

ABSTRACT 

Tlie  plasma  protein-thyroid  hormone  eomjilex  was  investigated  by  (1)  the  biml- 
ing  (j)aper  and  starch  gel  electrophoresis)  of  I*’'-i,-thyro.\ine  and  P^'-i,-triiodo- 
thyronine  by  |)lasma  proteins,  (2)  the  passage  of  T4  and  T3  from  such  jirotein  link¬ 
ages  across  a  dialysis  membrane  and  (3)  the  in  vitro  incorporation  of  T4  and  T3  by 
human  erythrocytes.  Results  indicate  (1)  elect ro|)horetic  heterogeiU'ity  of  the  ‘albu¬ 
min’  and  ‘inter-alpha  globulin’  s(‘rum  jiroti'ins  which  preferentially  bind  thyroxine, 

(2)  a  major  effect  of  Tris  (hydroxymethylaminomethaiie)  buffer  on  both  the  over¬ 
all  thyroxine  binding  cai)acity  of  serum  and  the  ndative  T4  binding  by  tlu“  ‘pre¬ 
albumin’  and  ‘inter-alpha  gloi>ulin,’  (3)  a  significant  I'tfect  of  jiII  on  binding,  (4)  a 
striking  inhibitory  effect  of  Verona!  buffer  on  T4  binding  by  .serum  albumin. 

Rectuit  studies  attest  to  the  growing  intiwest  in,  and  complexity  of,  the  binding  of 
thyroid  bormoiu's  by  plasma  jiroteins.  In  addition  to  the  specific  thyroxine  (T4)-binding 
int<‘r-alpha  globulin  (THC)  and  the  secondary  earriiT,  albumin,  the  ])re.s(>nee  of  a  sjie- 
eific  i)re-albumin  T4-binding  protein  (THP.V)  has  been  indicated  in  various  electro- 
])horetie  systems  (1-5).  .\dditional  studies  have  (a)  ascribed  a  primary  ])hysiologic  role 
to  ‘fn>e’  thyroxine  (fi),  (b)  reported  the  presence  of  an  iodine  eomiiound  associated  with 
albumin  in  the  plasma  of  certain  thyrotoxic  but  not  euthyroiil  subjects  (7)  and  (c)  sug¬ 
gested  that  T4  binding  properties  of  TH(1  ar<“  due  to  THP.V  im'sent  as  a  conijilex  of 
unknown  composition  (S).  This  rejiort  deals  with  certain  n'sults  of  com'omitant  studies 
of  (a)  the  ])lasma  i)rotein  binding  (pajM'r  and  standi  ged  (deetrojihoresis)  of  I'^'-L-'I'd  and 
P’'-L-triiodothyronine  (T3),  (b)  the  (lassage  of  T4  and  T3  from  such  jirotein  linkages 
aero.ss  a  dialysis  membrane  and  (3)  the  in  vitro  incorporation  of  T4  and  T3  by  tissues. 

MKTMODS 

Elvtrophorcsis.  I'’'-l-T4  and  I‘’'-i.-T3,  in  varying  amounts  of  stable  carrier  (1-200  A<g.  %), 
were  added  to  either  plasma,  serum,  various  siTum  fractions  (C’ohn),  or  highly  purified  inter¬ 
alpha  globulin  (9),  permitted  to  stand  for  20  minutes  to  18  hours  at  0°  C’,  subjected  to  pajier 
or  standi  gel  electrophoresis  by  the  method  of  Smithies  (10).  Different  buffers  (Veronal, 
borate,  phosphate)  of  varying  molarities  and  pH’s  were  employed.  Distribution  of  radio- 

Received  .Vugu.st  IS,  1959. 
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activity  was  dctcriniiicd  l)y  (1)  dirc'ct  strip  or  gel  counting,  (2)  cutting  strip  or  gel  into  1  enr 
segments  and  counting  segments  in  a  well-type  scintillatioti  counter,  anil  (d)  radioautogra])liy 
(with  ])aj)er  strips  only).  For  jirotein  distribution,  i)aper  strips  were  stained  by  bromphenol 
blue,  gels  by  the  method  of  Smithies.  The  areas  under  the  various  peaks  were  determined 
piaidmetrieally.  Combinations  of  jjaper  and  starch  gel  electrophoresis  were  emiiloyed.  For 
e.sample,  si)ecific  segments  (1  cm.)  of  a  jiaper  strip  after  electrophoresis  were  in.serted  into  a 
slit  in  a  starch  gid  and  re-elect ro))horesed  u.sing  the  same  or  different  buffers.  .Mternatively, 
the  contents  of  1  cm.  segments  of  the  starch  gel  after  electro])horesis  were  removed  by  freez¬ 
ing,  thawing  and  squeezing,  followed  by  re-electrophoresis  of  the  eluate  on  paiier  or  on 
another  starch  gel  using  e.g.  different  buffer. 

In  vitro  binding  capacity.  Human  red  blood  cells,  washed  five  times  with  isotoiuc  saline, 
were  resuspended,  in  amounts  yielding  a  hematocrit  of  40-r)()%,  in  saline,  various  buffers, 
l)lasma,  serum,  plasma  fractions  (Cohn),  highly  purified  inter-ali)ha  globulin  solutions  or 
starch  gel  segment  eluates.  Tracer  amounts  of  T4  or  T3  were  added,  incubated  with  shaking 
at  37°  C  for  l-ti  hours,  the  rbc  then  washed  to  remove  loosely  adherent  radioactivity,  and 
the  incorjiorated  radioactivity  determined  in  a  well-typo  sciiitillation  counter  (within  ±2% 
accuracy).  Hesults  are  exiiressed  as  %  uptake,  viz: 

counts  ])er  minute  in  rbc  X  H)0 
total  counts  in  medium  per  minute 

and  corrected  to  100  hematocrit. 

Dialy.'iis.  Tracer  amounts  of  '1'4  or  T3  were  ailded  to  different  concentrations  of  various 
protein  containing  solutions.  One  to  three  ml.  of  such  solutions  was  placed  in  dialysis  tubing 
(\’isking  cellulose-8/32'')  which  was  then  tied  at  both  ends.  The  bag,  with  or  without  jirior 
dialysis  against  saline  or  buffer,  was  then  iilaced  in  an  Ehrlenmeyer  Hask  containing  10  ml.  of 
varying  solutions  (different  buffers  or  any  other  of  above  protein  solutions)  and  agitated  at 
37°  C  up  to  28  hours.  .Xt  varying  intervals,  1  ml.  aliipiots  of  the  surrounding  meilium  were 
removed,  radioactivity  determined,  and  returni'd  to  flask.  Determinations  were  thus  made 
of  both  the  absolute  amount  of  T4  or  T3  transferred  at  specific  time  intervals  and  the  over-all 
rate  of  transfer  (slope  of  curve),  ('ontrol  studies  revealed  that,  although  T4  or  T3  adhered 
to  dialysis  tubing  when  saline  or  buffer  media  were  used,  100%  of  initial  radioactivity  was 
accounted  for  at  varying  time  intervals  in  medium  |)lus  bag  contents  when  ])rotein  was 
present. 


UKSULTS 

On  paper  or  starch  gel  electroplioresis  of  serum  in  Veronal  buffer  (pll  S.O,  O.IAI), 
P’*  T4  was  found  i)rincii)ally  in  the  inter-alpha  globulin  area,  with  a  small  amount  in 
the  ))roximal  region  of  the  leading  albumin  hand.  When  the  jiajM'r  segmimt  containing 
the  albumin-localized  T4  was  re-idectrophoreseed  on  starch  gel  (borate  buffi'r,  pll  S.fi, 
0.3M)  the  radioactivity  was  found  distinctly  separable  from  the  broad,  heavily  stain¬ 
ing  albumin  band,  being  sharply  localized  in  a  narrow  band  closer  to  the  origin  in  which 
no  staiuahle  i)rotein  could  ho  found.  Similarly,  re-(‘loctro])horesis  on  starch  gel  of  the 
inter-alpha  globulin  hand  from  paper  resulted  in  resolution  of  radioactivity  and  associ¬ 
ated  protein  into  two  and  sometimes  three  distinct  hands. 

On  starch  gel  electrophoresis  of  serum  in  Tris  (hydroxymethylaminomethane)  buffer 
(l)H  8.0,  0..iM)  P^'  T4  (tracer  amounts)  was  found  in  three  sites — (1)  the  inter-alpha 
globulin  area,  (2)  a  pre-albumin  hand,  and  (3)  a  small  amount  in  the  albumin  band. 
No  i)re-all)umin  binding  of  P’*  T3  was  demonstrable.  The  ratio  of  T4  hound 

(TIU;-T4) 

THPA-T4 

was  compared  in  nine  euthyroid  and  ten  hyperthyroid  patients.  Whereas  re|)eated  de¬ 
terminations  in  a  given  subject  were  in  close  agnaunent,  there  was  a  high  degree  of 
variability  in  different  subjects  resulting  in  complete  overlajjping  of  values  hiTween  the 
euthyroid  (ratios  of  O.oii  to  1.8)  and  hyperthyroid  (0.21  to  2.4)  series.  The  effects  of 
varying  the  ex))erimental  conditions  were'  then  studied.  In  addition  to  the  difference 
between  Veronal  and  Tris  (no  consistent  pre-albumin  binding  of  T4  with  Veronal),  the 
molarity  of  tin*  Tris  buffi'r  was  found  to  be  a  major  determinant  of  the  pattern  of  bind¬ 
ing  distribution.  The  ratio  of 
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TH(:-T4 

THI’A-T4 

could  1)(‘  varied  at  will,  even  rev(“rs<'d,  by  altering  the  molarity  of  Tris  emj)loyed. 

The  sinnifieant  role  of  'I'ris  was  further  indicated  by  a  study  of  the  pre-albumin  baud 
eluted  from  the  starch  kcI.  Tlu'  T4  biudiufi  capacity  of  this  eluate  was  estimated  by  its 
ability  (1)  to  dt'crcaist'  the  uptake*  of  1'”  'I'd  by  washed  rbc  as  comi)an*d  to  saliiu*  or 
plasma  and  (2)  to  alter  the  transfer  of  I'^'  T4  across  a  dialysis  membrane  against  albu¬ 
min  or  ])lasma.  The  binding  cai)acity  was  lost  following  its  dialysis  against  Ho(),  saline, 
or  Krebs-Henseleit  buffi'r.  The  binding  cai)acity  of  the  ban  contents  could  then  be*  com- 
l)le*te*ly  re*ste)re*el  by  re*-elialysis  afjainst  I  ris  buffe*r  anel  the*  medarity  e)f  the*  Tris  use*el  feer 
re*-elialysis  elete*rmine*el  the*  re*sidtant  bineliiiff  (Table*  1).  Extensive*  elialysis  eef  TRO  frac- 
tiem  eliel  met  affe*ct  its  binelinK  capacity. 

Finally,  the*  elire*e*t  aelelitieen  eef  Tris  tee  i)lasma  incre*ase*d  its  teetal  I'd  biuelin<r  above*  its 
native*  e*ai)acity  as  me*asure*el  by  the*  rbc  uptake*  in  wheele*  bleeeeel;  the*  e!e*gre*e*  eef  incre*ase*el 
bineling  varie'el  with  the*  me)larity  e»f  Tris  aelele*el  (Table*  2).  Similarly,  the*  aelelitieui  eef 
Tris  te)  whe)le*  plasma  iucre*ase*el  its  biiieliuK  cajeae-ity  feer  T4  abeeve*  native*  plasma  in  the* 
elialysis  system  (Table  3).  Tris  hael  ne»  e*ffe*ct  eui  T3  bineliufj;  eer  elialysis  transfer. 


TaBI.K  I.  EcKKe  r  e»K  CRK-AI-Bt  MIX*  ON  T4  rCTAKK  BY  WASIIKl)  BED  Bl.OOl)  CEl.l.S 


're*st  syste*m 

%  i  ptake*  (peT  100  he*matoe*rit ) 

I.  (’emtrol  (rbe*  in  Saline*! 

134 

11.  0.2  ml.  Pre*-all)umiii 

.\.  Eluate*  be'fore*  elialvsis 

55 

B.  .\fter  elialvsis  against  saline* 

130 

III.  0.2  ml.  Pre*-albiimin  (II-B)  afte-r  redialvsis  against: 

0.05M  Tris  Biiffe*r 

1  10 

0.1  OM  Tris  Biiffe*r 

100 

0.30M  3'ris  Buffer 

7il 

0..50.\I  Tris  Buffe*r 

53 

O.tiO.M  Tris  Buffe*r 

43 

*  Elute*el  freun  stari*h  ge*l  afte*r  e*le*i*trophore*sis  eif  e*nthyroid  serum  (O.o.M  Tris  Buffer. 
pH  S.ti). 


Tabi.e  2.  Ekkei  t  ok  This  bi  kker  on  in  vitro  rbe*  e  ctake  ok  1'”  T4  kkom  wiioi.e  bi.oou 

(2  IIOl  RS) 


.Molarity  of  ade!e*d  tris 

0  (l•ontro!  blood) 
O.Oti 
0.12.') 

O.i.'j 
0 . .'»() 


%  uptake*/ 1((()  lie*matoe*rit 

2  .  lit 
1  .7S 
1  .  .■>:{ 

I  .  It) 

1  .(lit 


Tabi.e  3.  Ekkei  t  ok  this  bi  kker  in  ci.asma  on  transkeh  ok  I'*'"  T4 

KROM  III  MAN  SERI  M  AI.BI  MIN  Ae  ROSS  lUAl.YSIS  MEMBRANE* 


Comjiosition  of  nie>elium  siirreiiineling  elialysis  bag 


1  ml.  Plasma  4-9  ml.  0.8.v%  Saline* 

1  ml.  Plasma -j-i)  ml.  .().5M  Tris  Buffer 
I  ml.  Plasma -j-tt  ml.  ().2M  Tris  Buffe*r 
;  ml.  Plasma +it  ml.  0.5M  Tris  Buffer 


%  P’‘  T4  transferreel  to  plasma 


3  hrs. 

22  hrs. 

15.8 

42.2 

10.2 

45.1 

21  .7 

01  .3 

23.5 

71  .0 

Bag  Ce)ntcnts=2  mgm.  human  serum  albumin;  .012  ugm  P”  T4,  1.0  ml.  0.85  saline. 
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Table  1.  Hkkect  of  vakioi  .s  buffers  <i\  transfer  of  Tl  from 

HI  XIAN  SERUM  ALBUMIN  ACROSS  DIALYSIS  MEMBRANE* 


Composition  of  medium  surrounding  dialysis  bag 

%  1''’‘ 

T4  transferred 

4  hrs. 

22  hrs. 

It)  ml.  Krebs-Ilenseleit  Buffer  (pH  =7.4) 

1 1  .7 

20 . 4 

10  ml.  0.2M  Tris  Buffer  (pH  =8.0) 

1 1  .8 

20.0 

10  ml.  0.2M  I’hosphati'  Buffer  (pH  =8.7) 

10.5 

10.3 

10  ml  0.2 M  X'eronal  Buffer  (pH  =8.0) 

38.2 

00.0 

*  Hag  ('onti'iits  =2  nig.  )\uinan  scriiin  allniiiiiii ;  .012  iig.  I''"  T4,  1  ml.  0.85%  salino. 


Alterations  in  pH  similarly  affi'ctiMl  T4  l)iii(liii}>;  and  dialysis  transfer.  Whereas  hind- 
ing  and  transfiT  were  essentially  unehaiiged  over  a  wide  rangi'  about  physiological 
valni's  (pH  7.1  to  7.H),  tlieri'  was  a  deereasi'  (reversible)  in  binding  at  pH  h'vels  below 
7.0  and  a  striking  increase  (jiartially  irrexcrsible)  of  binding  at  pH’s  of  S. 2-0.0,  ineliid- 
ing  the  S.O  used  so  freipiently  in  eleetroiihoresis. 

It  was  of  some  interest  that  although  Veronal  buffer  (jiH  S.O,  0.1  M)  had  no  efTeet  on 
total  iilasma  T4  binding  in  the  red  cell  system,  it  caused  a  striking  inhibition  of  T4  bind¬ 
ing  by  albumin  in  the  dialysis  system  (’rable  4). 

Such  results  indicate  the  need  for  careful  ('valuation  of  the  effects  of  technical  factors 
in  attempting  physiological  as.sessments  of  the  iirotein  binding  of  thyroid  hormones. 
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VASCULAR  EXCLUSION  OF  THE  IdVER:  ITS  INFLUENCE 
ON  (JLUCOSE  .METAHOLIS.M* 

AHSTR.VCT 

When  rats  are  iirejiared  with  vascular  by-pass  of  the  liver  the  level  of  glucose  in 
the  blood  progressively  decreases.  This  hypoglycemia  is  not  prcvi'iited  by  the  ad¬ 
ministration  of  ejiinephrine.  When  insulin  is  administered  to  the  by-passed  animals 
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there  is  a  eoiitiiiiious  deerease  in  liie  level  of  hlood  Kliieose  without  restoration 
towards  pre-iiijeetioii  lev»ds  as  oeeiirs  in  the  eontrol  animals.  Moreover,  half  of  the 
animals  die  from  hy])OKlyeemia  in  the  hy-passed  uronp  whereas  no  deaths  oeenr  in 
the  eontrol.  These  findin|;s  indicate  that  vasodar  i)y-pass  sneeessfnlly  prevents  the 
liver  from  exerting  its  actions  on  the  above  aspects  of  glucose  metabolism. 

In  a  recent  iniblication  the  author  rei)ort(‘<l  a  relatively  siinj)le  t<'chni(iue  for  exclud¬ 
ing  tlu‘  liver  from  the  active  vascular  circulation  of  an  intact  rat  (1).  This  preliminary 
investigation  showed  tliat  tlie  by-pass  was  effective  since  the  animal  failed  to  produce 
bile  or  clear  injected  hromsulphalein  from  the  perijdieral  circulation.  The  present  study 
was  undertaken  to  submit  this  i)reparation  to  further  exploration  and  will  demonstrate 
that  the  vascular  by-pass  also  effectively  prevents  the  liver  from  exerting  its  known 
actions  on  certain  aspects  of  glucose  metabolism. 

MKTHODS 

Male  rats  of  the  lanig-Evans  strain  whicdi  weighed  approximately  dot)  grams  were  em¬ 
ployed.  .\nimals  with  hepatic  vascular  by-pass  were  jjrepared  by  hepatic  arterial  interruj)- 
tion,  bile  duet  eanmdation  and  portal-caval  shunt,  as  described  in  a  i)revious  communica¬ 
tion  (1).  Control  animals  were  subjected  to  bile  duct  cannulation  onlj'.  Food  was  withheld 
from  all  animals  for  a  period  of  18  hours.  The  anaesthetic  employed  was  nembutal,  admiius- 
tere<l  by  intrap<‘ritoneal  injection.  The  determination  of  plasma  glucose  was  made  iiutially 
and  at  thirty  minute  intervals  on  0.2  cc.  of  veiums  blood,  according  to  the  method  of  Saifer 
and  (ierstenfeld  (2). 

Three  experiments  were  performed  using  ecpial  numbers  of  paired  rats,  eacdi  pair  con¬ 
sisting  of  a  “hepatic  by-passed”  an<l  control  animal.  In  the  first  experiimuit  the  changes  in 
the  level  of  glucose  were  compared  in  jjaired  animals  for  a  jieriod  of  00  minutes  after  the 
operation.  The  second  exj)eriment  was  similar,  excej)t  that  0.15  cc.  of  1  1000  epinephrine 
was  injected  subcutaneously  immediately  aft*‘r  removal  of  the  initial  blood  sample.  In  the 
third  experiment,  instead  of  e])in(‘phrine,  0.125  unit  of  insidin  per  100  gm.  of  body  weight 
was  injected  intravenously  immediately  after  removal  of  the  initial  blood  sample.  The  data 
are  ex])ressed  as  the  mean  change's  in  the  plasma  level  of  glucose  with  time. 

RKsri.Ts 

I'Nperiineiit  1  (Fig.  1)  (h'inonstrated  that  in  the  “hei)atie  vitscular  by-])ass('d”  rats 
witliout  epinephriiK',  there  was  a  continuous  decline  in  hlood  glticose  level  during  the 
00  inintites  of  the  experinu'nt,  while  the  contnd  group  showed  a  stetidy  rise.  From  tlu'se' 
curves  it  is  suggeste'd  that  in  the  by-passed  group  the  liver  was  unable  to  release  glu¬ 
cose  into  the  |)eripheral  cireulation  and  a  progrc'ssive  fall  in  the  hlood  glucose  level 
resvdt*‘d.  'Pin'  ris(‘  in  blood  glucose  observed  in  the  eontrol  group  has  been  deserihed 
with  n('iTd)utal  anaestlu'sia  (3). 

In  Experiment  2  following  the  injection  of  ('i)inephrine  (Fig.  1),  the  by-passed  rats 
show('d  a  fall  in  the  levc'l  of  blood  glucose  which  paralh'led  that  of  the  l)y-|)ass('d  group 
in  Experiment  1.  and  at  the  end  of  90  minut<'s  there  was  no  statistical  difference  in  tlu' 
<'hang('s  in  glucose  level  in  the  by-passed  animals  with  or  without  epine])hrine  (F  <().!). 
The  eontrol  group  receiving  ei)inephrine  (h'inonstrated  the  expi'cted  marked  ri.se  in 
plasma  glucose  which  is  jin'sumably  diu'  to  the  conversion  of  hepatic  glycogen  to  glu¬ 
cose.  This  ex|)<'riment  further  suggests  that  the  by-passed  liver  is  unable  to  reh'as(‘  glu¬ 
cose  into  the  iieripheral  cireulation  even  after  the  administration  of  eiiinephrine.  The 
finding  is  similar  to  that  reporti'd  in  hepateetomizi'd  dogs  where  in  spite*  of  epinephrine 
a  progressive  hypoglycemia  oecurn'd  (4). 

In  Exix'riment  3  following  the  injection  of  insulin  (Fig.  2).  in  the  by-jiassed  grouj) 
tlu'  fall  in  blood  glucose  was  70  mg.%  in  one  half  hour  and  the  level  continued  to  (h'- 
en'ase  to  9S  mg.%  at  the  end  of  the  2  hour  period.  Morc'over,  at  this  time  3  animals  died 
from  liy|)oglyeemia.  This  was  not  ohservc'd  in  the  eontrol  group  in  which  the  blood 
sugar  f('ll  53  mg.%  in  om*  half  hour  and  at  the  end  of  two  hours  there  was  an  exiieeted 
slight  recovery  (9  mg.%)  towards  pri'-injection  levels.  The  usual  tendency  of  the  blood 
glucose  to  return  towards  the  pre-injection  level  after  the  administration  of  insulin  was 
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Fig.  1.  Moan  ohan^ios  in  i)lasnia  ('lucoso 
with  tinio.  in  vasoular  In’-passod  animals 
and  controls,  with  and  without  ('pin(‘|)h- 
rino.  Sole:  each  ])oint  on  tin*  curve  is  the 
arithmetic  averas*'  <>1  determinations  in  (i 
animals  and  the  standard  deviation  is  in 
jiari'iithesis. 


Fk;.  2.  Mean  decri'ase  in  ])lasma  f>;lucose 
with  time,  in  vascular  hy-passed  and  con¬ 
trol  animals  followinf^  the  administration 
of  insulin.  Sole:  each  jxiint  on  the  curve  is 
the  arithmetic  average  of  determinations 
in  S  animals  ainl  the  standard  deviation  is 
in  parenthesis. 


aholished  in  the  “hy-passed”  animals.  .\}>;ain  this  finding;  is  the  same  as  was  reporti'd  in 
the  hei)atectomized  animal  (5). 

Since  it  has  now  been  demonstrated  that  vascular  by-pass  effectively  |)revents  the 
liver  from  e.xertiiif!;  its  known  actions  on  glucose  metabolism  as  well  as  jireventing  bile 
production  and  brornsulphah'in  ch'arance,  it  wouhl  appear  that  this  intact  j)rei)aration 
which  is  far  less  traumatiz(*d  than  the  hepat(‘ctomized-eviscerated  rat,  should  be  of 
great  value  for  studying  the  role  of  the  liver  in  metabolic  |)rocesses. 

Donald  E.  Hkunstkin' 


Metabolic  Research 
Mount  Zion  Hospital 
San  Francisco,  California 
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PROTEIN  ANABOLIC'  ACTION  OF  TESTOSTERONE  PROPIONATE 
I N  H YPERTH YROI D-('ASTR ATEI)  RATS*  ** 

ABSTRACT 

iIl-Tliyr<)xin(“,  10  #ig., day,  produced  in  adidt  castrated  rats  on  constant  food  in¬ 
take  an  initial  increase  in  protein  catabolism  which  disai)i)eared  after  six  days.  The 
body  weight,  however,  continuously  decreased  during  the  21  days  of  treatment. 

The  simultaneous  administration  of  testosterone  i)ropionate,  2.5  mg. /day,  abolished 
the  initial  protein  catabolism  and  produced  an  effect  on  urinary  nitrogen  excretion 
iih'iitical  with  that  in  non-thyroxine  treated  rats.  The  body  weight  change  produced 
by  the  anilrogen  was  not  altered  by  the  simultaneous  administration  of  thyroxine. 

'I’liyroxine  in  excess  is  known  to  i)ro(Iuee  loss  in  body  weight  and  an  inenaise  in  j)ro- 
tein  catabolism  when  the  energy  demands  are  not  met  (1.  2).  Androgen  on  the  other 
hami  i)roduces  an  increase  in  body  weight  due  to  more  efheieiit  utilization  of  dietary 
protein  (3.  4).  It  seemed  of  intere.st  to  determine  whether  the  androgen  could  produce 
its  protein  anabolic  action  in  the  i)resenee  of  the  extra  calorie  demands  induced  by  an 
excess  of  thyroxine.  The  protein  anabolic  action  of  testosterone  imopionate  has  been 
shown  in  thyrotoxic  i)atients  who  ha<l  been  stabilized  by  increasing  the  calories,  protein 
and  vitamins  in  their  diet  (5). 


MKTHODS 

Rats  (Spragu(“-I )awley)  were  maintained  in  individual  metal  metabolism  cages  in  an  air- 
conditioned  room  at  25.5-2(i.l)°  anil  with  artificial  light  regulated  at  12  hours  j)er  day. 
Some  of  the  animals  were  castrated  at  5  weeks  of  age  and  the  rest  at  5  months  of  age.  They 
were  fed  Rockland  rat  diet  until  about  7  months  of  age  when  they  were  transferred  to  the 
pri'parcd  diet  used  for  metabolic  studies  (4).  The  food  intake  was  regulated  until  the  rats 
exhibited  constant  body  weight  and  urinary  nitrogen  excretion.  The  rats  were  approximately 
I  t  months  old  at  the  beginning  of  injections. 

Crystalline  m.-thyroxine,  2.5  mg.,  was  dissolved  in  1  ml.  0.2N  sodium  hydroxide  and 
diluted  to  25  ml.  with  water.  .\  fresh  solution  was  j)rej)ared  weekly.  The  thyroxine,  10  mK- 
daj’,  and  testosterone  propionate’,  2.5  mg. /day,  were  injected  at  2:30  8:00  P.M.  each  day. 

The  routine  for  feeding,  weighing  and  injections  of  the  rats  and  methods  of  anab’ses  were 
as  described  (3). 


RK.sULT.s 

fiodn  W  eight:  The  testosterone  propionate  produced  the  expi'cted  (4)  idiange  in  body 
weight  and  thyroxine  |)roduced  a  continuous  decrease  until  inji'ctions  were  stoi)i)ed 
(Fig.  1).  'I'lie  effect  of  the  androgen  on  body  weight  was  evident  in  spite  of  the  decrease 
in  body  weight  produced  by  tlu'  simultaneous  inji'ction  of  thyroxim*  (Fig.  1). 

Sitrogeu  Exeretion:  Ti'stosterone  pro])ionate  |)roduced  the  expected  (4)  effect  on 
urinary  nitrogen  excretion  (Fig.  1.  Table  1).  Thyroxine  stimulated  an  extra  (‘xcretion 
of  nitrogen  in  the  urine  only  during  tlu'  first  b  days  of  injections.  This  phenomenon  was 
abolished  by  the  siimdtaneous  administration  of  androgen.  Indeed  the  urinary  nitrogen 
excretion  of  the  rats  ri'ceiving  both  hormones  was  idimtical  with  that  of  the  rat  receiv¬ 
ing  only  testosterone  propionate.  On  cessation  of  injections  the  rats  receiving  oidy  tes¬ 
tosterone  |)roi)ionate  lost  a  little  more  nitrogen  than  those  receiving  both  hormones. 

Receivi'd  November  11,  1959. 

'  These  investigations  were  aided  by  grants  .V-172()  from  the  National  Institutes  of 
.Vrthritis  and  .Metabolic  Diseases  and  CY-35()H  from  the  National  ('aneer  Institute  ol 
the  r.  S.  Public  Health  Service. 

**  The  exiierimental  work  was  carried  out  at  the  Oklahoma  Medical  Research  Founda¬ 
tion  with  the  technical  assistance  of  Sarah  MeC’onnell. 

The  testosteroiK'  propionate  was  i)rovid<“d  as  Perandren,  50  mg. /ml.  in  .sesame  oi 
and  0.5%  chlorbutanol.  by  ('iba  Pharmaceutical  Products,  Ine. 
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Fig.  1.  ('hanf^es  in  liody  weight  and  urinary  nitrnuc'n  (‘xcrction  produced  in  castratctl 
rat.s  by  the  administration  of  ti'stostcronc  iirojiionatc  (T.P.),  2.5  m}f.  tlay,  and  dl- 
thyroxine  (THY),  10  ju}?.  day,  singly  and  simultaneously.  Tlie  elian}>;es  in  body  weifibt 
and  urinary  nitrogen  for  the  individual  periods  are  from  the  averages  of  the  preinjeetion 
periods  which  are  indicated  as  zero  (0). 


DISCUSSION' 

The  transient  increase  in  protein  catabolism  after  thyroxine  administration  indicates 
that  the  eontinuous  loss  in  body  weight  was  due  to  an  increased  rati*  of  utilization  of 
body  fat  to  meet  the  extra  calorie  demands  induced  by  the  thyroxiiu'.  .\  iirolonged 
negative  nitrogen  balance  has  been  produced  in  a  mah'  and  a  female  myxedi'inatous 


Table  I.  Effect  of  te.stostekoxe  bkocionate  and  dl-tiiykoxine  on  the  mtkooen 

METABOLISM  AM)  BODY  WEIGHT  OF  CASTRATED  RATS.  (5  RATS  CER  GROI  1>) 


Urine  nitrecen' 

Body  weight 

Trcatiiiciit 

nitrf)- 

gen 

Pre- 

Cliancer 

Post- 

injn. 

total 

|>re-  ehaiige 

injn.’ 

Max.  Total 

‘"J"-  iMjn.  period  '"J"' 

Sesame  Oil,  0.1  ml. /'day 
pL-Thyroxine.  10  /ig.  day 

TestesUtrone  Propionate,  2.5  mg. /day 
T.P.  4*i>L“Thyroxine 

MIC.  day 

.'14(1 

3.U 

32't 

326 

MIC. 

day 

26'5 

2.52 
264 

2.53 

nig.  MIC.  30 
day*  days 
+3  -  ‘07 

+20  +  280 
-64  -1023 

-60  -  0.58 

MIC.  21 
days 
- 102 
+643 
+748 
+660 

gill.  gill.  gill. 

406  0  +  3 

413  -20  +  6 

418  +18  -2.5 

303  +  .5  -21 

*  Fecal  nitrogen  33  (25  40)  nig. /day. 

*  ('liange  from  preinjc^ction  values. 

*  Average  of  16  days  preceding  injections. 

*  Average  of  7  days  {4tli  to  11th  days)  except  the  thyroxine  experiment  which  is  for  6  dajs  (2nd  to  8th  days)  (s*<'e 
I'iR.  1). 
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l)ationt  hut  not  in  a  normal  male  by  a  daily  oral  dose  of  100  /ig.  triiodothyronine  (6). 
Testosterone  |)roi)ionat('  eaused  nitrogen  retention  during  the  period  of  negative  nitro¬ 
gen  halanee  i)rodueed  in  the  male  myxedematous  patient  by  tlie  triiodothyronine  (0) 
and  in  a  young  man  with  severe  thyrotoxicosis  complicated  by  diabetes  mellitus  (7). 

Charlks  D.  Kocharian^ 

Vitiversity  of  Alahnma  Medical  Center 
Birmingham,  Alabama 
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ORGAN  WEIGHTS  OF  ANIMALS  MAINTAINED  ON  ALLEGED 
APHRODISIACS:  “PEGA  PALO”  AND  “BOIS  COCHON”* 

ABSTRACT 

There  is  no  evidence  that  either  bois  cochon  bark  or  pega  palo  vine  (alleged 
aphrodisiacs)  exerts  an  effect  on  the  testes,  prostate,  or  seminal  vesicles  of  hypo- 
physectomized  or  intact  rats.  The  absence  of  an  increa.se  in  the  weight  of  the  testes 
in  normal  or  hypophysectomized  animals  argues  against  a  gonadotropic  effect,  and 
the  failure  to  depress  testicular  size  in  intact  rats  or  to  rt'.store  the  weights  of  the 
accessory  genital  structures  after  hj’pophysectomy  excludes  any  possible  androgenic 
action. 

Alcohol  in  which  the  vine  of  Rhyncosia  pyramidalis  (“pega  palo”)  or  the  bark  of 
Bursera  gummifera  (“bois  eochon”)  has  been  soaked  is  reputed  to  restore  or  inerease 
sexual  iierformanee  in  the  human  male  (1,  2).  Objective  evidence  on  this  point  is  how¬ 
ever  lacking.  The  possibility  that  the  vine  or  the  bark  possesses  either  gonadotropic  or 
androgmiic  (‘ffeets  has  therefore  been  (‘xplored  in  hypophyseetomized  and  in  intact  male 
rats. 


MATERIALS  AND  METHODS 

Intact  or  hypophysectomized  Sprague- Da wley  rats,  100-150  gm.  males,  were  fed  ground 
rat  chow  (Wayne  I.aboratories)  containing  approximately  5  or  2.5  per  cent  ground  pega  palo 
vine,  bois  cochon  bark,  or  kiln-dried  sawdust.  The  various  regimens  employed  are  listed  in 
Table  1.  The  animals  were  sacrificed  by  decapitation  and  exsanguination  at  the  end  of  ap- 
jiroximately  two  months.  The  organs  listed  in  Table  1  were  dissected,  freed  from  connectivt* 
tissue,  blotted  dry,  weighed  on  a  Roller  balance  with  a  sensitivity  of  0.5  mg.  and  related  to 
the  final  body  weight. 

RESULTS 

.\dmixture  of  bois  eochon  bark  or  of  pega  palo  vine  to  comprise  2.5  to  5  per  cent 

Received  December  30,  1959. 

*  Supported  by  grants  from  the  John  A.  Hartford  Foundation,  the  American  Cancer 
Society  and  the  Department  of  Health,  Education  and  Welfare. 


Table  1.  Mean  organ  weights  as  percentage  of  body  weight  in  hypophysectomized 

AND  INTACT  RATS  WITH  OR  WITHOUT  BOIS  COCHON  OR  PEGA  PALO  IN  THE  DIET 
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(tf  tho  (Hot  (li<l  not  alter  the  weight  of  the  testes,  prostate  or  seminal  vesieles  of  intaet  or 
hypophyseetomized  male  rats  (Table  1).  Hypophyseetomy  produeed  the  expeeted  de- 
erease  in  the  size  of  these  organs  and  of  the  adrenals  but  no  discernible  change  was  re¬ 
corded  in  the  weight  of  the  thyroids.  It  is  to  be  noted  however  that  these  were  among 
the  smallest  of  the  organs  weighed. 

The  ingestion  of  food,  and  of  water  and  the  weights  of  the  heart,  liver,  pancreas  and 
kidneys  were  not  significantly  altered  by  inclusion  of  the  bark  or  vine  in  the  diet. 

DISCUSSION 

’I'liere  is  no  evidence  that  either  hois  eoehon  bark  or  pega  palo  vine  exerts  an  effect 
on  the  testes,  prostate,  or  seminal  vesieles  of  h3  poph\’seetomized  or  intaet  rats.  The 
inabilit.v  of  thes*'  agmits  to  restore  the  weights  of  the  testes,  seminal  vesieles  and  prostate 
of  hvpophvseetomized  animals  argues  against  a  gonadotropic  effect,  and  the  failure  to 
depress  testicular  size  in  intaet  rats  excludes  an\’  po.ssible  amlrogenic  action. 

As  judged  bv  the  weights  of  the  liver  and  kidnev’s  in  aeeordanee  with  the  criteria  of 
Smvth  ct  al.  (3)  these  materials  <lo  not  appear  to  be  toxic  when  ingested  at  this  level  for 
pc'riods  uj)  to  two  months  in  length.  Neither  was  the  relative  size  of  the  pituitary  or 
jianereas  altered. 

T.  S.  l),\NowsKi  .\NU  Louknna  Puice 

Cniversity  of  Pittsburgh 
School  of  Medicine 
Pittsb u rgh ,  Pennsylvania 
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THE  ENDOCRINE  SOCIETY 


1900  Annual  Meeting 

The  Forty-Second  Annual  Meeting  of  Tlie  Endocrine  Society  will  be 
held  in  the  Eden  Roc  Hotel,  Miami  Reach,  Florida,  Thunsday,  Friday,  and 
Saturday,  June  9,  10,  11,  1960. 

The  Chairman  of  Local  Arrangements  is  Dr.  Kenneth  Savard. 

Scientific  Sessions  will  he  held  from  9:00  a.m.  to  5:00  p.m.  daily  and  in 
addition  there  will  be  simultaneous  afternoon  sessions.  The  annual  dinner 
is  scheduled  for  Friday,  June  10  at  7:50  p.m.  preceded  by  cocktails  at 
6:30  P.M. 

.\11  members  are  urged  to  make  their  hotel  reservations  immediately. 
The  Eden  Roc  will  hold  250  bedrooms  and  the  adjoining  hotels,  the  Mont¬ 
martre  Hotel  and  Lucerne  Hotel  will  hold  75  rooms  each,  for  members 
until  May  1,  1960,  after  which  time  the  hotel  will  not  guarantee  further 
reservations.  Therefore  it  is  imperative  that  you  make  your  reservations 
now  directly  with  the  hotel,  advising  them  of  time  and  date  of  arrival  and 
departure.  If  you  plan  on  remaining  through  June  12th  for  the  American 
Medical  Association  and  other  meetings,  it  is  imperative  that  your  reser¬ 
vation  be  made  from  .June  12th  on,  directly  through  the  A.M. A.  Housing 
Bureau,  c  o  Miami  Beach  Convention  Bureau,  1700  Washington  Avenue, 
Miami  Beach,  Florida,  .since  no  reservation  beyond  this  date  can  be  ac¬ 
cepted  directly  by  the  hotels.  Make  your  reservations  now  and  avoid 
disappointment.  Hotel  reservation  card  will  be  mailed  to  members  shortly 
after  January  1,  1960. 

Final  program,  membership  card  and  advance  registration  forms  will 
be  sent  on  May  1st  1960  to  members  whose  current  dues  have  been  paid. 


1960  AWARDS 

The  selection  of  the  recipients  of  the  awards  of  The  Endocrine  Society  is 
made  by  a  Committee  appointed  by  the  Council  of  the  Society.  These 
awards  and  fellowships  carry  no  obligation  by  the  recipient  to  the  Society 
or  to  the  donors. 
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Fred  Coxrad  Koch  Award 

Durinp;  the  past  year  a  sul)stantial  legacy  has  been  beciueathed  the  So¬ 
ciety  by  the  late  Elizabeth  Koch  for  the  purpose  of  establishing  the  Fred 
Conrad  Koch  Memorial  Fund  in  memory  of  her  late  husband,  distin¬ 
guished  service  professor  of  physiological  chemistry  at  the  University  of 
Chicago  and  pioneer  in  the  isolation  of  the  androgens.  This  is  to  be  the 
highest  honor  of  the  Endocrine  Society  and  is  to  be  represented  by  a  medal 
that  is  to  be  known  as  the  Koch  Medal  of  The  Endocrine  Society.  The 
medal  and  honorarium  of  to  given  annually  to  an  individual 

for  work  of  special  distinction  in  endocrinology. 

The  recipient  shall  be  chosen  from  nominations  presented  by  members 
of  the  Society  and  is  limited  to  citizens  of  the  United  States  and  Canada. 
This  award  will  replace  the  Medal  of  the  Endocrine  Society  which  was  es¬ 
tablished  in  1954  and  presented  to  Dr.  Carl  Moore  in  1955,  Dr.  Frederick 

L.  Hisaw  in  1950,  Dr.  Joseph  C.  Aub  in  1957,  Dr.  I.L.  Chaikoff  in  1958  and 
Dr.  Wilbur  W.  Swingle  in  1959.  The  Endocrine  Medal  replaced  the  E.  R. 
Squibb  Award  which  was  formerly  the  highest  honor  bestowed  by  the  So¬ 
ciety.  Past  recipients  of  the  Squibb  Award  were  Dr.  (Jeorge  W.  Corner  in 
1940,  Dr.  Philip  E.  Smith  in  1941,  Dr.  Fred  C.  Koch,  1942,  no  award  was 
given  in  1943,  Dr.  E.  A.  Doisy  in  1944,  Dr.  E.  C.  Kendall  in  1945,  Dr. 
Carl  O.  Hartman  in  1946,  Drs.  Carl  F.  and  Gerty  T.  Cori  in  1947,  Dr. 
Fuller  Albright  in  1948,  Dr.  Herbert  Evans  in  1949,  Dr.  C.  X.  H.  Long  in 
1950,  Dr.  J.  B.  Collip  in  1951,  Dr.  James  H.  Means  in  1952  and  Dr.  David 
Marine  in  1953. 

The  Ciba  Award 

The  Ciba  Award,  to  recognize  the  meritorious  accomplishments  of  an  in¬ 
vestigator  who  has  not  attained  his  36th  birthday  by  June  1st  of  the  year 
the  award  is  presented,  in  the  field  of  clinical  or  preclinical  endocrin¬ 
ology,  was  established  in  1942,  but  no  recipient  was  selected  in  1942 
or  1943.  In  1944  the  Award  was  presented  to  Dr.  E.  B.  Astwood,  1945 
Dr.  Jane  A.  Russell,  1946  Dr.  Martin  M.  Hoffman,  1947  Dr.  Choh  Hao 
Li,  1948  Dr.  Carl  Heller,  1949  Dr.  George  Sayers,  1950  Dr.  Oscar  M. 
Hechter,  1951  Dr.  Albert  SegalofT,  1952  Dr.  Seymour  Lieberman,  1953 
Dr.  Sidney  Roberts  and  Dr.  Clara  Szego  (Mrs.  Roberts),  1954  Dr.  Isadore 

M.  Rosenberg,  1955  Dr.  Jack  Gross,  1956  Dr.  Alfred  M.  Bongiovanni, 
1957  Dr.  Nicholas  S.  Halmi,  1958  Dr.  Monte  Arnold  Greer,  and  1959  Dr. 
Gordon  L.  Farrell.  Prior  to  1952  the  Award  was  81,200.  It  has  now  been 
increased  to  82,500. 

The  .\yerst  axd  the  Squibb  Fellowships 

The  Ayerst  Fellowship  was  established  in  1947  and  the  Squibb  Fellow¬ 
ship  in  1956.  They  are  designed  to  assist  men  or  women  of  exceptional 
promise  in  furthering  their  advancement  towards  a  career  in  endocrinology. 
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Each  Fellowship  is  awarded  on  alternate  years  and  the  stipend,  which  will 
not  exceed  So, 000  may  he  divided  into  two  Fellowships  in  varying  amounts 
in  accordance  with  the  qualifications  of  the  appointees.  Individuals  pos¬ 
sessing  the  M.D.  or  Ph.D.  degree,  or  candidates  for  either  of  these  degrees, 
are  eligible  for  appointment. 

Applicants  must  submit  the  following  information: 

1.  Evidence  of  scientific  ability  as  attested  by  studies  completed  or  in 
progress. 

2.  Recommendations  from  individuals  familiar  with  the  candidate  and 
his  work. 

3.  A  proposed  program  of  study. 

4.  Acceptance  of  the  individual  by  the  head  of  the  department  in  which 
the  Fellowship  will  be  held. 

o.  A  statement  that  he  or  she  will  serve  full  time  if  awarded  a  Fellow¬ 
ship.  A  small  amount  of  time  (10  to  15  per  cent)  may  be  spent  in 
course  work  or  participation  in  teaching,  the  latter  purely  on  a  volun¬ 
tary  basis. 

The  Schehing  and  the  Upjohx  Scholars  of 
The  p]xDocRi\E  Society 

The  Council  of  The  luidocrine  Society  has  established  a  category  of 
Scholars.  These  grants  have  been  made  available  through  the  generosity  of 
the  Schering  Corporation  and  the  Upjohn  Company,  and  will  be  awarded 
to  established  investigators  and  teachers  in  the  field  of  endocrinology  who 
wish  to  extend  their  opportunities  for  work  either  in  this  country  or 
abroad. 

The  awards  will  not  exceed  S2,500  annually  for  each  individual  and  will 
be  granted  on  the  basis  of  proposals  submitted  by  the  applicant.  Such  ap¬ 
plications  should  include  estimated  financial  needs.  The  funds  may  be  used 
for  travel,  maintenance  and  other  expenses. 

Nominations 

Nominations  for  the  Fred  Conrad  Koch  Award;  the  Ciba  Award;  and 
the  Ayerst  and  the  Squibb  Fellowships  may  be  made  by  any  member  of 
The  Endocrine  Society.  They  should  be  submitted  on  forms  which  may  be 
obtained  from  the  Office  of  the  Secretary,  1200  North  Walker  Street,  Okla¬ 
homa  City  3,  Oklahoma.  Completed  nominations  should  be  returned  to  the 
Secretary  not  later  than  October  15,  1959. 

Proposals  for  appointments  as  Scholars  of  The  Endocrine  Society  should 
be  made  in  writing  by  the  individual,  and  addressed  to  the  secretary  of 
the  Society.  They  should  be  submitted  by  October  15,  1959. 

The  Awards  Committee  will  meet  in  October  and  notice  of  awards  to  suc¬ 
cessful  nominees  and  applicants  will  be  made  not  later  than  December  1st. 


